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INTERFACIAL PRECIPITATION OF CHOLESTEROL IN HUMAN 
AND “ARTIFICIAL” BILES! 


By Puivip Fitz-JAMES AND ALAN C. BURTON 


Abstract 


Bile was withdrawn from human gall bladders at different levels and analyzed 
for cholesterol and bile salts. Results showed there was a chemical stratification 
corresponding to that in specific gravity already demonstrated. Samples of 
bile were layered with distilled water in plastic cells. Precipitation of chole- 
sterol soon occurred at the interface. Chemical studies showed this was due to a 
difference in rate of diffusion of cholesterol and bile salts across the interface, 
leading to a local fall of the critical ratio. Eventually the formation of a pseudo 
“‘stone’’ was observed. The role of interfacial precipitation due to differential 
diffusion in cholelithiasis is discussed. 


Introduction 


There has long been radiological evidence (4, 1, 2, 5) suggesting that bile 
in the gall bladder is not uniform but often stratified in layers of different 
composition. Campbell and Burton (3) demonstrated such stratification, 
with respect to specific gravity and color index, in the gall bladders of normal 
cattle and in some human gall bladders. Floating gall stones were often 
found to be suspended near the interface between two such strata, suggesting 
that deposition of cholesterol might be favored at this place. 

The experiments here reported were designed first to verify the inference 
that there was a stratification in concentration of bile salts and of cholesterol, 
corresponding to the stratification in specific gravity already reported, and 
secondly to study the physicochemical changes that might occur at interfaces 
between two such strata. 


Methods 


Human bile was used in these experiments. Samples of bile removed by 
Dr. B. A. Campbell from human gall bladders for specific gravity determina- 
tions were studied chemically for bile salt (as cholic acid) and for free chole- 
sterol. Bile salt as cholic acid was determined by the Reinhold and Wilson (7) 
modification of the Myelius reaction. Cholesterol was determined as free 
cholesterol by a modification of the method of Schoenheimer and Sperry (8). 
Some of the samples were removed in situ at operation, the others were taken 
at 1 cm. distances from the upright bladder immediately after removal. 


1 Manuscript received in original form May 2, 1949, and, as revised, August 8, 1949. 


Contribution from the Department of Biophysics, University of Western Ontario, London, 
Ont. 
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For the studies of physicochemical changes occurring at interfaces, samples 
of gall bladder bile were obtained from patients during operation. These 
were placed in 15 ml. centrifuge tubes and carefully overlaid, without mixing, 
with distilled water, observed and photographed for changes at the interface. 
Samples were removed at different levels by a fine pipette after different 
periods of time for chemical study. Control tubes were prepared using 
equal quantities of the bile and of distilled water, but these were thoroughly 
mixed immediately. , 

In order to clarify the explanation of the phenomena that were observed, 
similar experiments were then made using an “artificial bile’ consisting of 
cholesterol with bile salts (either cholic or desoxycholic acid). One hundred 
ml. of a 9% solution of sodium cholate in double distilled water was mixed 
with a suspension of cholesterol in distilled water, prepared according to the 
method of Porges and Neubauer (6). The cloudy solution that resulted was 
adjusted to pH 7.5 with dilute sodium hydroxide and filtered in the cold. 
A clear solution resulted, which was autoclaved without visible change. 
This artificial bile was then layered, with sterile technique, under distilled 
water in lucite cells as follows: 50 ml. of the artificial bile was added toa 
cell and an equal volume of distilled water placed on top by allowing it to 
run down the tilted chamber from a fine bore pipette. This was done in 
duplicate, so that one cell could be used for withdrawing samples, another 
for photographing the changes. In addition a control cell of smaller dimensions 
was set up with equal quantities of the artificial bile and water, the only 
difference being that these were mixed thoroughly instead of being layered. 
In a second set of experiments a 5% solution of sodium desoxycholate was used 
instead of the cholate. Desoxycholate was measured by a modification of 
the Toshio Simada Method (9). 


From the cell with rubber-stoppered side holes, samples were carefully 
drawn off at definite levels with a 22 gauge hypodermic needle. Usually 
1.2 ml. was taken from 10 to 12 different levels. On these samples cholate 
and cholesterol were determined by the above methods. In both sets of experi- 
ments samples were taken at 24 hr. and at 70 hr. after layering. 


- 


Results 
(a) Existence of a Chemical Stratification 


Table I gives results of chemical analysis on samples taken at different levels 
in the gall bladders of four patients. These chemical studies show that strati- 
fication of bile as found by specific gravity determinations is accompanied by 
a definite difference in concentration of bile salts and cholesterol. In some of 
the cases studied, the ratio of cholesterol to cholic acid changed abruptly from 
level to level. It can be concluded that the stratification of bile in gall 
bladders, demonstrated by Campbell and Burton (3), involves a ‘‘chemical’’ 
stratification as well as stratification with respect to specific gravity. 
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TABLE I 


BILE SALTS AND CHOLESTEROL AT DIFFERENT LEVELS IN HUMAN GALL BLADDERS 




















Specific — —_ 
ot gravity salt as Ratio 
5 a of a (courtesy of cholic oe § cholic acid: 
Dr. B. A. acid, éy | cholesterol 
Campbell) | mgm. % | ™8™: 

1 Samples removed 1 1.0275 1040 151 6.9:1 
immediately 2 1.040 1500 236 6.331 
after operation, 3 1.0475 1930 250 Ee | 
1 cm. apart 4 1.055 2140 356 6.0:1 

2 Samples taken in | Ai, top 1.0125 344 77 4.4:1 
situ Ae, center 1.0250 600 125 4.8:1 

A;, bottom 1.0325 1460 259 5.6:1 

Postoperative Bi 1.0200 670 138 £541 
samples 1 cm. Bz 1.0200 650 134 4.8:1 
apart B; 1.0250 935 167 5.62% 
By 1.0375 1430 269 eS 

Bs 1.0375 1320 300 4.4:1 

Be 1.0375 1560 300 5.231 

3 Postoperative 1 1.0150 2200 214 10.2:1 
samples 1 cm. 2 1.0150 2230 284 ee 
apart 3 1.0150 2330 275 S.35 31% 

4 1.0150 2500 300 8.3:1 
5 1.0150 3000 330 9.1:1 
6 1.0150 3100 317 9.8:1 
7 1.0150 3000 328 EF | 
8 1.0175 3100 385 he ee | 
9 1.0175 3100 440 78:33 
10 1.0275 4150 580 Ee | 

4 | Samples taken 1, top bile 1.005 340 63 5.4:1 

in situ 2, midway 1.010 710 87 8.6:1 
3, bottom 1.015 804 102 108 























(b) Phenomena Occurring in Human Bile Layered with Distilled Water 


Bile from four different patients, layered with distilled water, was observed. 
In two days three of the samples showed fine granular or cloudy suspension 
just above the original bile—-water interface, and the fourth showed a heavy 
interfacial precipitate. In contrast, control tubes in which the same quan- 
tities of bile and distilled water had been thoroughly mixed (i.e. no layering) 
showed no trace of precipitation. The fourth tube and its control were photo- 
graphed at seven days (Fig. 1) and samples were taken for chemical study 
after nine days with results as indicated also in Fig. 1. Table II gives the 
detailed data. 


A study of these results indicates that the bile salts had moved up into 
the distilled water somewhat ahead of the cholesterol. Eventually the dif- 
fusing cholesterol was left in an environment so critically low in bile salt 
(and possibly other hydrophilic substances) that it passed out of solution as 
shown in the photograph. Possibly the specific gravity of this cholesterol was 
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insufficient to allow complete settling out, although the last picture in the 
study (Fig. 1) indicates considerable sediment. The control tube of mixed 
bile and water showed no precipitation. 

TABLE II 


CONCENTRATIONS AT DIFFERENT LEVELS IN “LAYERED”’ BILE AFTER NINE DAYS 

















, : Ratio 

Sample Cholic acid, Free cholesterol, dics asthe 

— © —~ 2 cholesterol 
1 49.6 6.2 8.0:1 
2 81 8.3 o:3:1 
3 138 2.3 ee Se | 
4 236 17.6 302% 
5 300 25.3 H.833 
6, just above cloudy zone 417 48.2 S.7 31 
7, in cloudy zone 620 153.4 = ee 
8 758 96.9 Be ee 
9 990 122 ee 
Mixed control tube 346 40.4 8.6:1 








(c) Phenomena Occurring with “Artificial Bile’ Layered with Distilled Water 
Fig. 2 shows the series of changes seen when artificial bile was layered. 
Within an hour of layering with the cholate, both “sample’’ and ‘“photo- 
graphic” cells showed distinct double zones of cloudiness at the bile-water 
interface. At 18 hr. of layering the cloudy zones were still double in both 
cells but had moved up the cells slightly. After 24 hr. the clouds were still 
higher. The upward movement of the cloudy zone continued for the duration 
of the study period (144 hr.) and two zones of cloudiness were still distinguish- 
able, as illustrated, until 96 hr., after which the clear zone between them dis- 


appeared and the cloudiness gradually spread evenly in the upper part of the 
cell (130 to 144 hr.). 


Results with sodium desoxycholate instead of sodium cholate were similar. 
Within half an hour a fine white cloudy layer was’seen at the interface, and 
this moved slowly upwards, becoming more diffused. The cloudy zone 
appeared single rather than double (in contrast to cholate). 


Observation of the cloud formed with cholate over even longer periods 
revealed an interesting phenomenon. The cloud on reaching the top of the 
fluid in the cell gradually shrank to a loose white ball. Over a period of days 
this aggregation gradually settled, disintegrating as it sank (Fig. 3). Eventually 
the reduced ball of flocculum settled on the bottom and gradually went back 
into solution until it was clear, and the ratio of cholesterol to cholic acid was 
then the same throughout. 


Control cells showed no precipitation throughout the experiments and 
bacteriological studies failed to demonstrate organisms that could be respons- 
ible for the cloudiness. 





* >, 40 Satpnys portmays fo syNs24 ..9,, 


‘9QN] padakD] Ul (MOdAD YD) UOILDJIG 19044 ,.G,,‘2QN] J04]UOI ,,W,, *49]DA pappysip ypM pasa] af1g Ut DUuamouayT “| “O14 


a11d 


JOVANI LNI 


YaLVM CATILLSIG 


| ALW1g 


Oe wwe ee me eee ween enn ne 8'T 





| Row Powennnnnnnnecwnnee ETT 
Me crbannneernennnnnene= ITT 


Ben cbe ennne mn neennneann= 6FT 


Se en Th 


CGIOV SITOHD OL TouzLSa10HD 
40 OLLVY 

















PLATE II 


FIGURE 2 
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Fic. 2. Phenomena in sodium cholate — cholesterol solution layered with distilled water. 


FIGURE 3 
26 DAYS 


22 24 


Fic. 3. Formation of a cholesterol “stone” in layered sodium cholate — cholesterol solution, 
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The results of the chemical analysis are shown in the graphs, Fig. 4, when 


sodium cholate was used, and Fig. 5 with sodium desoxycholate, after 24 hr. 
and after 70 hr. 
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Fic. 4. Distribution of cholesterol and sodium cholate in cell 24 hr. after layering with 
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CM. FROM BOTTOM OF CELL 


Fic. 5. Distribution of cholesterol and sodium desoxycholate 24 hr. and 70 hr. after layering 
with distilled water. Pp indicates the zones of cloudy precipitation. —--—-— Cholesterol. 
——— Desoxycholate. 


Discussion 


From the graphs (Figs. 4 and 5) it can be seen that cholesterol diffuses 
upwards across the interface into the distilled water ahead of the bile salts. 
Thus the ratio of bile salts to cholesterol rises slightly below the interface, and 
at the same time falls abruptly above the interface. The heaviest zone of 
precipitate is found slightly below the region where the chemical studies show 
the minimum ratio of bile salts to cholesterol. This, and the fact that the 
cloudiness extends below into a region of high ratio, may well be due to a 
settling of the colloidal particles that have been precipitated. 
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The steady rise of the top of the cloud is in accordance with the theory 
of the different rates of diffusion of bile salts and cholesterol, as the region of 
minimum ratio will rise as diffusion proceeds. The rise of the bottom of the 
cloud suggests that the precipitated cholesterol is redissolved as it enters a 
region of higher ratio. 


One difference between the results on actual human bile and those chole- 
sterol — bile salt solutions must be noted. In the former it appears that the 
cholic acid diffuses upward across the interface faster than the cholesterol, 
whereas the reverse is true with the “artificial bile’. The presence in the 
bile of other substances such as protein or mucoid substances, which may 
associate with the cholesterol and slow its diffusion, makes this explicable. 
As long as there is a difference in rate of diffusion of the cholesterol and the 
substances necessary to keep it in solution, in whichever direction this difference 
may be, an “interfacial precipitate’’ may result. The eventual re-solution 
of the precipitate when diffusion is complete is also in accordance with the 
theory, for eventually the ratio of bile salts to cholesterol will be the same 
(equal to that in the original bile) at ali levels. Another difference to be noted 
is the much greater ratio of bile salts (as cholic acid) to cholesterol required 
in the “‘artificial biles’’ (about 70 : 1 for desoxycholate and 100 : 1 for cholate) 
to that requircd in the human bile (less than 10:1 from Table II). The 
difference is to be attributed to the other normal hydrophilic substances in bile. 


One can only speculate as to the app!‘cation of these results to the problem 
of formation of cholesterol stones in the human gall bladder. The existence 
of stratification in physiological conditions has been clearly established, and 
in a gall bladder where contraction and expulsion of the contents is infrequent 
and incomplete, stratification will persist for long periods.. The physico- 
chemical phenomena that have been described would be likely to occur 
(between concentrated and more dilute biles) and cholelithiasis could be 
favored. In any case, the phenomena of “interfacial precipitation’’, due to 
a differential diffusion at an interface, is of intrinsic interest and may occur in 
other biological circumstances. For example, it may well be of importance 
in the deposition of cholesterol on the wall of blood vessels in arteriosclerosis. 


- 


Conclusions 


(a) It is concluded that the stratification of bile in the gall bladder, already 
demonstrated by specific gravity measurements to exist in physiological 
as well as pathological conditions, is accompanied by similar stratification 
with respect to the concentrations of bile salts and of cholesterol. 


(b) This chemical stratification can lead to the precipitation of cholesterol 
because the diffusion of cholesterol and of bile salts across the interface 
between two layers occurs at different rates. A local change in the ratio 
of bile salts to cholesterol therefore results and if it falls below a critical 
value precipitation will result. 
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(c) This mechanism may well play an important role in the precipitation of 
cholesterol stones in a gall bladder in which, due to inactivity or incom- 
pleteness of contraction, stratification is long persistent. 
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THE PRODUCTION OF ACUTE MASSIVE HEPATIC NECROSIS 
IN RATS BY DIETARY MEANS! 


By M. R. ABELL AND J. M. R. BEVERIDGE 


Abstract 


Acute hepatic necrosis has been produced in every rat of a group fed a diet low 
in protein, relatively deficient in the tocopherols, and containing cod liver oil 
and rancid lard. The evidence suggests that the latter two components have 
been instrumental in effecting this high incidence of liver necrosis, possibly by 
means of their well known deleterious action on the tocopherols. 


Introduction 


Several groups of investigators (2, 7, 9, 16) have reported the production 
of massive hepatic necrosis in rats by the feeding of diets low in protein and 
also deficient in the sulphur-containing amino acids, methionine and cystine. 
Others have utilized somewhat similar rations, the distinguishing feature of 
which was also thought to be a deficiency in protein and in these amino acids, 
but they failed to obtain the same results (10, 13, 14). 


An examination of the diets used by authors reporting a significant per- 
centage of necrosis revealed several interesting points of similarity that were 
lacking in the diets of those who failed to produce the liver lesion. All diets 
reviewed by us that were notably successful in producing necrosis contained 
cod liver oil as a source of vitamins A and D; the fat component was relatively 
low in tocopherols, and furthermore, a-tocopherol was not included in the 
vitamin supplements. These factors were taken into consideration in the 
formulation of diets for the production of necrosis. 


Experimental 


Groups of 10 white male rats of the Wistar strain, average weight 140 gm. 
(122 to 158 gm.) were placed in individual cages with 1/3 in. screen floors and 
were offered 8 gm. of the test diets per day. The surviving animals 
were necropsied after 105 days. Tissue slices from all lobes of the livers of 
these animals and from animals dying during the experiment were fixed in 
Zenker’s formol and the sections were stained with haematoxylin and eosin 
and with Masson’s trichrome stain. Some of the diets that have been utilized 
are shown in Table I. The H diets were patterned as closely as possible on 
those described by Himsworth and Glynn (7), except for the inclusion of rancid 
fat in the Hs; diet. 


The sugar vitamin mixtures used in the H and A diets contributed respec- 
tively the following amounts of B vitamins per 8 gm. of food: thiamine hydro- 
chloride, 20 ugm. and 40 wgm.; riboflavin, 25 uwgm. and 20 wgm.; pyridoxine 


1 Manuscript received July 11, 1949. 


Contribution from the Department of Pathological Chemistry, Faculty of Medicine, Univer- 
sity of Western Ontario, London, Ont. 
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TABLE I 


COMPOSITION OF DIETS 











H2 Hs; Ay As 
Yeast 18 18 —_— —_ 
Casein oo — 4 4 
Cornstarch 27 27 —- —- 
Sucrose — a 76 78 
Lard 50 50* 10 10 
Celluflour -- — 2 2 
Cod liver oil 1 1 2 —- 
Cod liver oil concentrate — — _- 0.01 
Salt mixture a 3** Lea | aes 
Vitamin mixture 1 1 1 1 

















* Slightly rancid lard, produced by irradiation for 24 hr. with ultraviolet light. 
** Himsworth (6). 
*** Beveridge and Lucas (1). 


Yeast—Fleischmann’s active dried baker's. 
Casein—fat and vitamin free (Merck). 
Cod liver oil—Mead’s, 3000 IU of vitamin A and 400 IU of vitamin D per gm. 


Cod liver oil concentrate—A yerst, McKenna, and Harrison, 50,000 IU of vitamin D and 200,000 
IU of vitamin A, per gm. 
Sugar vitamin mixtures—explained in text. 


hydrochloride, 20 wgm. and 16 wgm.; calcium pantothenate, 100 wgm. and 
80 wgm. In addition, A diets supplied nicotinic acid (80 uwgm.) and choline 
chloride (12 mgm.) per 8 gm. diet. 


The animals that died of acute massive hepatic necrosis presented consistent 
pathologieal findings. The livers were enlarged, soft, friable, with tense 
smooth capsules and, in most cases, presented a coarsely mottled appearance 
due to yellowish-gray necrotic and haemorrhagic areas. Some of the livers 
were less obviously necrotic on gross inspection, merely presenting the appear- 
ance of a marked chronic passive congestion. 


Microscopically, the acute necrosis is most extensive, involving completely 
many contiguous lobules and the greater portion of many other lobules 
(Fig. 1). Throughout the entire section there are only a few uninvolved 
lobules and in many cases the only viable tissue that remains is comprised 
of islands of cells situated near the portal tracts. In the early stages of necrosis 
the liver cells are pale, finely granular, with fairly distinct cell outlines, but 
show striking nuclear changes, consisting of karyolysis and karyorrhexis. 
At this stage there is no inflammatory cell infiltration and essentially no 
haemorrhage. In some sections the necrotic process appears more advanced, 
the involved areas presenting a picture of extreme disorganization and con- 
sisting of pale eosinophilic granular debris with scattered nuclear fragments, 
a few polymorphonuclear leucocytes and varying amounts of haemorrhage. 
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Several animals, after an illness of a few days, recovered, and later, at 
necropsy, showed varying degrees of postnecrotic scarring. Only occasionally, 
however, was the postnecrotic state recognizable on gross inspection and in 
these cases the surfaces showed irregular pitted scars and often a portion of a 
lobe was markedly shrunken and deformed. 

The microscopic findings of postnecrotic scarring vary markedly in severity 
from a diffuse postnecrotic fibrosis (Fig. 2) to small localized scars. 

The results of the experiment with respect to the incidence of hepatic lesions 
are summarized in Table II. 


TABLE II 


DIETARY HEPATIC LESIONS 




















Animals dying with acute Se er Te pee ae 
Massive necrosis Animals Total incidence of necrosis 
.. --— — ———---— showing —- 
Diet Average postnecrotic 
Number days on scarring Number Percentage 
diet 
H2 5 85 3 8 80 
H; 7 77 3 10 100 
Ai 3 60 1 t 40 
As 1 70 — 1 10 




















All animals on diet Hz died before the end of the experiment, five showing 
early acute massive necrosis; three, postnecrotic scarring; the remaining two, 
no demonstrable hepatic lesions. The rats on the H; diet also died during 
the experimental period. All presented evidence of liver necrosis, seven 
showing acute massive necrosis and three postnecrotic scarring. 

Diet A; differed from A; only in the substitution of 0.01% cod liver oil 
concentrate for 2% cod liver oil. One animal in the former group showed 
necrosis, whereas four on A, diet displayed this lesion. All animals receiving 
a diet similar to A; but containing 8% casein survived the experiment and, 
at necropsy, showed no hepatic pathology. 

The results obtained in this work indicate that acute massive hepatic 
necrosis can be induced readily in rats by feeding diets low in protein, a signi- 
ficant characteristic of which is, presumably, a deficiency in the sulphur- 
containing amino acids. It now appears definite, however, that factors other 
than those just mentioned play a role in the production of liver necrosis. 
Previous reports by Schwarz (15) and Gyorgy (4) indicated that tocopherols 
in the diet decreased the incidence of this lesion. This evidence has been 
confirmed by Himsworth and Lindan (8) and by Gyorgy and Goldblatt (5) 
in articles published recently. Thus any condition that effects the destruction 
or inhibition of tocopherols should accentuate the incidence of necrosis in 
animals on diets low in protein. It may be recalled that both cod liver oil (11) 
and rancid fats (3, 12) have been shown to exert an antagonistic effect on the 





PLATE | 





Acute massive hepatic necrosis. X70. 


Fic. 1. 





Postnecrotic scarring. X70. 


Fic. 2. 
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action of dietary tocopherols. An examination of the data in Table II 
reveals that the incorporation of rancid fat (Hs) caused necrosis in all experi- 
mental animals whereas a similar diet with fresh lard (H2) produced an inci- 
dence of 80%. The inclusion of cod liver oil (Diet A;) led to a greater fre- 
quency of necrosis than did a similar diet (Diet As) containing a cod liver oil 
ccncentrate (40% vs. 10% respectively). These differences, although not 
statistically significant, at least suggest that any treatment that inhibits the 
action of tocopherols augments the capacity of the diet to produce necrosis. 

Many workers have failed to induce acute massive hepatic necrosis, and 
indeed some have doubted the existence of such an entity, the cause of which 
could be attributed solely to dietary deficiencies. The foregoing work would 
suggest that, if the factors herein discussed are taken into consideration, a 
high incidence of necrosis can readily be produced. 
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THE EFFECT OF SURGICAL OPERATIONS ON THE EXCRETION 
OF IODINE, CORTICOSTEROIDS, AND URIC ACID! 


By W. F. Perry AND J. P. GEMMELL 


Abstract 


The effect of surgical operations on the urinary excretion of iodine, cortico- 
steroids, uric acid, and ketosteroids was examined in 11 subjects. The majority 
showed a marked rise in the excretion of iodine which occurred within the first 
24 hr. after operation; thereafter iodine excretion tended to decline, being back 
to normal levels by the third postoperative day. Over the same period of time 
the excretion of corticosteroids increased and was still elevated on the third post- 
operative day. The excretion of uric acid was elevated in some but not all of 
the subjects while no consistent trend in any direction was noted as regards the 
excretion of ketosteroids. The level of inorganic plasma iodine was elevated 
one to two hours postoperatively, while the level of protein bound plasma iodine 
was unchanged. No conclusion was reached concerning either the source of the 
extra iodine or the relationship between the increased excretion of iodine and 
the increased excretion of corticosteroids. 


Introduction 


As part of a study of thyroid and adrenal function it was decided to investi- 
gate the effect of trauma on the excretion of iodine and substances of adrenal 
cortical origin. This decision was prompted by the following considerations. 

Some years ago McCullough (8) found an increase in the concentration of 
total iodine in the plasma following exercise and surgical operations. At 
about the same time Curtis and Phillips (1) demonstrated that thyroidectomy 
was associated with an increased excretion of iodine in the urine which 
commenced shortly after operation and persisted for some days; a similar 
phenomenon was encountered in relation to a small number of nonthyroid 
operations. Since iodine metabolism is intimately linked with the function 
of the thyroid gland, these findings suggested that trauma and stress may 
have some influence on the thyroid gland. Further evidence in support of 
such a concept has been supplied by White and Dougherty (15) who found 
that the catabolism of tissue protein following the stress of fasting was greatly 
diminished in the absence of the thyroid gland. It has also been frequent!: 
demonstrated that surgical operations and other damaging agents cause 
hypertrophy and increased activity of the adrenai cortex. One of the mani- 
festations of this response is an increased urinary excretion of substances 
having biological and chemical properties similar to those of the 11 oxy- 
steroids of the adrenal cortex (6, 12, 14, 15). The purpose oi this paper is to 
present the results of concurrent «stimations of the effects of trauma on the 
excretion of iodine and adrenal cortical derivatives. 

As the level of protein bound plasma iodine is considered to reflect ti, void 
activity, the effect of trauma on this value was also investigated. In addition 

1 Manuscript received July 28, 1949. 
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the opportunity was taken to observe the effect of trauma on the excretion of 
uric acid, since Forsham et al. (3) have shown the excretion of this substance 
is increased by the administration of certain adrenal cortical hormones and by 
stimulation of the cortex by its trophic hormones. It was thought that uric 


acid excretion might provide an easily measured index of adrenal cortical 
activity. 


Subjects and Methods 


The subjects of this investigation were selected so that only those free from 
acute illness and without disorders of thyroid function were studied. These 
subjects were in hospital for elective surgical procedures and with two excep- 
tions showed no evidence of chronic ill health. One of these had chronic 
osteomyelitis while the other had mild diabetes. The subjects are listed in 
Table I. To avoid possible distortion of results by blood transfusions, the 
subjects were limited to those who were not expected to require transfusions and 
hence only moderate degrees of trauma were observed. However, one patient 
(No. 8) suddenly went into severe shock at operation and received blood and 
saline. No iodine preparations were used in these patients prior to, during, 
or following operation. Standard ward diets, modified by the use of uniodized 
salt and the exclusion of foods of high iodine content, were consumed during 
the experimental period. 


All urine was collected in ice packed containers using no preservative and 
stored in the frozen state until analyzed. Precautions were taken to avoid 
contamination with iodine. 


Total and protein bound plasma iodine values were determined on fasting 
venous blood by the method of Perry and Cosgrove (9). Inorganic plasma 
iodine was calculated by subtracting the protein bound from the total plasma 
iodine. This indirect determination of inorganic iodine was probably accurate 
to within + 1.0 uwgm. % of the reported value. The same procedure was 
used for urinary iodine with the following modifications. Urine was treated 
with activated charcoal and filtered. To 10 ml. of filtrate was added 300 mgm. 
of iodine free protein; the remainder of the procedure was the same as that 
used for plasma. 


As indices of adrenal cortical activity, the urinary excretion of cortico- 
steroids and ketosteroids was determined. Ketosteroids were determined 
colorimetrically by the usual reaction with m-dinitrobenzene in an alkaline 
medium to produce a red pigment. Corticosteroids were determined utilizing 
principles of the methods of Heard and Sobel (5) and of Talbot et al. (12). 
An aliquot of 100 ml. of urine was diluted with an equal volume of water and 
the pH adjusted to 1.0 with 12 N sulphuric acid and extracted three times 
with a cold 4 : 1 mixture of ether-chloroform. The extracts were pooled and 
washed with cold 0.1 N sodium hydroxide followed by cold water, dried with 
sodium sulphate, filtered, and evaporated at room temperature under reduced 
pressure. The residue was taken up in benzene and extracted several times 
with water. The pooled aqueous extracts were acidified to pH 2.0 with 
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TABLE I 
DETAILS OF SUBJECTS AND OPERATIONS 
Operation 
No. | Sex | Age a . 
Ty Duration, : 
Type oy Anesthetic 
1 M 41 Plate to ulna and radius 30 Pentothal 
Curare 
2 M 47 Arthrodesis of foot 60 Pentothal 
Cyclopropane 
a M 62 Removal of Smith—Petersen nail 60 Pentothal 
4 M 35 Bone graft 90 Pentothal 
Curare 
5 F 21 Removal medial meniscus 30 Pentothal 
6 M 44 Removal medial meniscus 50 Curare 
Pentothal 
Ether 
Nitrous oxide 
7 M 54 Osteotomy left arm 90 Pentothal 
Cyclopropane 
Nitrous oxide 
8 M 47 Removal of sequestrum 80 Pentothal 
Cyclopropane 
9 M 45 Removal of two screws from femur 60 Pentothal 
Ether 
10 M 36 Removal of sequestra from hand 
Removal of plate from ulna 30 Pentothal 
11 M 20 Excision of metatarsals and bunions 90 Curare 
Pentothal 
Cyclopropane 
12 F 30 Dilatation cervix; suspension of uterus 90 Pentothal 
Curare 
13 F 64 Excision nontoxic thyroid adenoma 40 Cyclopropane 
Nitrous oxide 
14 M 16 Manipulation of hip 15 Pentothal 




















rv 


sulphuric acid and extracted four times with chloroform. The combined 
chloroform extracts were taken to dryness under reduced pressure. The 
residue was dissolved in 0.5 ml. of glacial acetic acid and its reducing pro- 
perties measured using arsenomolybdic acid as a substrate and desoxycortico- 
sterone as a reference standard. By this procedure the 24 hr. excretion of 
corticosteroids by normal adults of either sex has been found to be equivalent 
in reducing power to 0.40 to 0.85 mgm. of desoxycorticosterone. Duplicates 
agreed to within 0.05 mgm. per 24 hr. Uric acid was determined by the 
method of Benedict and Frank as described in Hawk, Oser, and Summerson (4). 
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Results 


The 24 hr. urinary excretion of corticosteroids, ketosteroids, iodine, and 
uric acid of 11 subjects together with the mean excretions of these same 
subjects are shown in Fig. 1. In the majority of the 11 subjects there was an 
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Fic. 1. The effect of surgical operations on the excretion of corticosteroids, iodine, and 
uric acid. Day of operation indicated by a downward pointing arrow. 


increased output of corticosteroids following operation. In the 10 subjects 
examined the excretion of ketosteroids was variable, in some instances being 
depressed after operation, in others elevated, so that no consistent change 
could be demonstrated during the time the observations were carried out. 
The excretion of uric acid in six of 10 subjects was elevated postoperatively; 
in the others no marked change was noted. Nine of the 11 subjects showed 
marked postoperative increases in the excretion of iodine in the urine, one a 
slight rise, and one no change. In one instance determinations of iodine were 
performed on the urine passed at intervals in the first 24 hr. following 
operation. These showed increased amounts of iodine in all specimens 
including the first passed at six hours. 


Fig. 1 shows also that. whereas by the third day following operation the 
excretion of corticosteroids was still elevated, the excretion of iodine was 
approaching the preoperative normal levels. That the effect of operative 
stress on iodine excretion is not a general one for halogen elements is indicated 
by the finding in three of the patients (Nos. 1, 2, 3) that the urinary chlorides 
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were either unchanged or somewhat depressed. This is in agreement with 
Wilkinson ef al. (16) who have reported a decline in the excretion of chlorides 
following operation. 

The inorganic and protein bound plasma iodine values of nine subjects are 
listed in Table II. There was no significant change in the protein bound 
iodine in plasma taken at various times up to 96 hr. after operation. In 
eight of the nine cases in which it was studied there was an increase in plasma 
inorganic iodine within two hours of operation and by the second or third 
postoperative day relatively normal values were obtained. 


TABLE II 


EFFECT OF TRAUMA ON PLASMA IODINE (uGM./100 ML.) 


















































Inorganic Protein bound 
No. —_ Lae Hours after operation —_ No. — Hours after operation 
eri 102 8to12 24 to 96 speretvel 12 124096 
1 0.0 2.4 1.4 0.5 1 4.8 - 6.5 
2 0.0 0.0 1.0 0.0 3 4.0 4.0 —- 
3 1.0 §.2 a 0.6 5 4.4 4.4 
5 -- 2.2 — 0.5 6 5.8 5.8 _ 
7 0.5 3.0 —- 0.9 7 4.9 5.4 4.3 
9 0.0 3.2 — 0.9 9 3.6 — 5.5 
10 0.5 1.5 - = 10 3.5 — 6.4 
11 2.0 2.8 -, 1.8 11 4.5 —_ 4.2 
12 0.0 14.1 — 4.5 12 4.0 4.3 4.4 
13 5.9 6.0 5.5 
14 7.4 7.0 5.2 
Mean 0.5 3.9 2 1.2 Mean 5.0 a 5.0 
Discussion 


The above results show that surgical trauma results in increased activity of 
the adrenal cortex as indicated by increased excretion of corticosteroids. 
This is in agreement with the observations of other workers (6, 12, 10, 14, 15). 
No characteristic alteration in the excretion of 17 ketosteroids was observed, 
which is in disagreement with the results of Forbes et al. (2) and of Stevenson 
et al. (11) who reported a post-traumatic increase in the excretion of keto- 
steroids followed by a decline. Possibly the lack of agreement is due to 
differences in severity and type of trauma. It will be recalled that the 
majority of subjects in the present series were considered to have undergone 
relatively mild stress. 


The hope that the estimation of uric acid excretion would provide an index 
of adrenal cortical activity was not fulfilled. Although the excretion of this 
substance was elevated in a number of patients following operation, in others 
there was no obvious change despite an increase in corticosteroid excretion. 


— | 
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From the above results it also appears that the trauma of surgical operations, 
including the effects of anesthesia, is associated with an increased excretion 
of iodine in the urine together with an elevation in the level of inorganic iodine 
in the plasma. The source of the extra iodine is not obvious. Possible 
sources are the thyroid gland, the inorganic iodine of the tissues, accelerated 
breakdown of thyroid hormone in the peripheral tissues and decreased pickup 
or utilization of inorganic iodine by the thyroid gland. The evidence available 
does not justify a detailed consideration of these possibilities, although the 
absence of any changes in the level of protein bound plasma iodine after 
trauma would suggest that thyroid function is not altered. However, it is 
possible that there is an increased utilization of thyroid hormone in the 
tissues with subsequent increased secretion by the thyroid, the net effect 
being a more or less constant level of hormonal iodine in the circulating plasma. 


In considering the relationship which the increased iodine excretion bears 
to the increased excretion of corticosteroids it will be recalled that cortico- 
steroid excretion is increased by a variety of stresses—including surgical 
operations. Exercise may also cause hypertrophy of the adrenal cortex (7) 
and increased excretion of cortical hormones (14). Preliminary observations 
indicate that an elevation of plasma and urinary inorganic iodine follows 
exercise in humans. Such similarities in response might suggest that they are 
closely related. However, the observations reported here concerning the 
increased iodine and corticosteroid excretion do not warrant any conclusion 
as to their causal relationship other than that they both result from trauma. 
In fact, the different patterns of excretion of iodine and of corticosteroids 
suggest that the increases are independent of one another. 
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CHOLINESTERASES OF CEREBROSPINAL FLUID! 


DATA FOR NORMAL FLUIDS AND FLUIDS FROM PATIENTS WITH 
SYPHILIS, MENINGITIS, OR POLIOMYELITIS! 


By K. G. CoLLING AND R. J. ROSSITER 


Abstract 


In confirmation of the work of others it has been shown that the principal 
enzyme in human cerebrospinal fluid that can hydrolyze acetylcholine is true 
cholinesterase. There is in addition a lesser quantity of pseudocholinesterase. 
The true cholinesterase, but not the pseudocholinesterase, was found to be 
significantly increased in the spinal fluids of patients with syphilis, while the 
pseudocholinesterase, and not the true cholinesterase, was increased in the fluids 
of patients with either meningitis or poliomyelitis. The true cholinesterase 
activity was correlated neither with the protein concentration nor with the cell 
count, while the pseudocholinesterase was correlated with the protein concen- 
tration and less significantly with the cell count. When correction was made 
for the correlation between cell count and protein concentration, the correlation 
between pseudocholinesterase activity and protein concentration remained 
statistically significant, but that between pseudocholinesterase and cell count 
became of dubious significance. In pathological conditions it appears unlikely 
that either true cholinesterase or pseudocholinesterase is derived from the white 
cells in the fluid. It is possible that the increased pseudocholinesterase comes 
from the blood plasma as a result of an increase in the permeability of the 

“‘plasma-spinal fluid barrier’ and that the increased true cholinesterase comes 
from the substance of the brain or spinal cord. For the pathological conditions 
studied, the determination of true and pseudocholinesterase activity of the spinal 
fluid would be of little value as a diagnostic aid. 


Introduction 


Previous publications from this laboratory have been concerned with the 
enzymes of white blood cells (7, 21). In these studies white cells of animal 
origin only were used. Since pathological cerebrospinal fluid seemed a 
possible source of human white cells, we have engaged upon. a. systematic 
study of the enzymes, including the cholinesterases, of normal cerebrospinal 
fluids and fluids from patients with various pathological conditions. During 
the course of the investigation we became aware of a similar study on choline- 
sterases by Tower and McEachern (26, 27). In some respects our experi- 
ments with the cholinesterases of the cerebrospinal fluid are a confirmation 
of the work of these authors, although we employed a different technique. 
In other respects our experiments are a continuation of their interesting work. 


The evidence in the literature concerning the presence of a cholinesterase in 
the cerebrospinal fluid is conflicting. Vahlquist (28) and Stedman and 
Stedman (25) were unable to demonstrate the hydrolysis of acetylcholine by 
cerebrospinal fluid, but Plattner and Hintner (19), Altenburger (2), and 
Bender (4), using biological methods of acetylcholine assay, and Birkhauser 


1 Manuscript received July 11, 1949. 
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(5) and Glasson and Mutrux (9), using the manometric method of Ammon (3), 
all claimed that the cerebrospinal fluid is able to hydrolyze acetylcholine. 
The recent publications of Tower and McEachern (27) and Reiss and Hemphill 
(20) have established beyond any doubt that this is so. 


It is now generally recognized that there are at least two enzymes in the 
body capable of hydrolyzing acetylcholine: true cholinesterase, which can 
hydrolyze acetyl-6-methylcholine and not benzoylcholine, and pseudo- 
cholinesterase, which can hydrolyze benzoylcholine and not acetyl-8-methyl- 
choline (1, 13, 14, 18). These enzymes are sometimes called the ‘‘specific’’ 
and the “‘non-specific’’ cholinesterase respectively (10). On indirect evidence 
Glasson and Mutrux (9) concluded that the enzyme of the cerebrospinal fluid 
that is able to hydrolyze acetylcholine is chiefly true cholinesterase, a result 
confirmed by Tower and McEachern (27) and Reiss and Hemphill (20), using 
the substrate specificity test of Mendel (13). A small quantity of pseudo- 
cholinesterase is also present. 


Methods 


Since we were measuring the activity of a number of enzymes and the 
amount of spinal fluid available was limited, the manometric method was not 
suited to our purpose. We used, therefore, a microtitration procedure that 
required only 0.4 ml. fluid (0.2 ml. for the test and 0.2 ml. for the blank). 
The final concentration of the substrate was: acetylcholine 0.005 M, acetyl-B- 
methylcholine 0.025 M, and benzoylcholine 0.005 M. In confirmation of 
the report of Mendel et al. (13) this concentration of acetyl-8-methylcholine 
and benzoylcholine was shown to be optimal. Since the optimal concentration 
of acetylcholine for pseudocholinesterase differs from that for true choline- 
sterase (13, 18), the optimal concentration of this substrate for any given 
cerebrospinal fluid will depend upon the relative concentration of these two 
enzymes that is present. At first observations were made at three substrate 
concentrations, 0.05 M, 0.005 M, and 0.0005 M. These figures yielded 
little additional information and the figure of 0.005 M was arbitrarily selected 
for the remainder of the work. 


To a pyrex glass tube was added: 


2 ml. diethylbarbiturate buffer pH 7.2 (16) diluted with an equal 
volume of water. 


0.2 ml. substrate (either 0.06 M acetylcholine, 0.3 M acetyl-B- 
methylcholine, or 0.06 M benzoylcholine*). 


0.2 ml. cerebrospinal fluid. 


The tube was incubated in a 37° C. water bath for 18 hr. At the end of 
this time the tube was removed from the bath and two drops of mixed 
indicator (equal parts of 33 mgm. bromcresol green per 100 ml. ethyl alcohol 


* Kindly provided by Hoffmann—La Roche Limited. 
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and 66 mgm. methyl red per 100 ml. ethyl alcohol) added. Hydrochloric 
acid 0.003 N was then added carefully from a 5 ml. microburette until the 
sharp green-to-red end point was reached. A blank, in which substrate and 
buffer were incubated for 18 hr. and cerebrospinal fluid added just before the 
titration, was also set up and titrated in the same way. The difference 
between the titration figure for the blank and that for the test is a measure of 
the enzyme activity. 


If the difference between the titration figure of the blank and that of the 
test is a ml., the enzyme activity (expressed as 0.001 N acid per 100 ml. 
cerebrospinal fluid per hr.) 

0.003 100 1 
“Xo *6i%* i 


=a X 83.3 


This figure can be converted to the perhaps more familiar ml. carbon 
dioxide per ml. per hr. by multiplying by the factor 0.224. A drop of toluol 
was added to the total volume of the fluid immediately after it was collected. 
Both test and blank were always run in duplicate. Such an experimental 
procedure is not ideal because the activity of the enzyme was not strictly 
linear with time for 18 hr. For this reason our figures are not comparable 
with those reported by other workers (20, 27). Since this long incubation 
period was necessary if reasonable titration figures were to be obtained, some 
measure of compromise seemed desirable. Fig. 1 shows, however, that under 
the conditions of study the titration figure was proportional to_the concen- 
tration of the enzyme. 
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Fic. 1. Relation between enzyme activity and quantity of cerebrospinal fluid. 
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Results 
Cholinesterases of Blood 


Table I shows that both plasma and lysed red cells from human blood 
hydrolyzed acetylcholine. Whereas plasma hydrolyzed benzoylcholine and 
little acetyl-8-methylcholine, the lysed red cells hydrolyzed acetyl-8-methyl- 


TABLE I 


HYDROLYSIS OF CHOLINE ESTERS BY HUMAN PLASMA AND LYSED RED BLOOD 
CELLS (ML. 0.001 N ACID PER ML. PER HR.) 























; : Plasma Lysed red blood cells 
Substrate — of |. 
minis Mean S.E. mean Mean S.E. mean 
Acetylcholine-0.005 J 5 82.3 +11.6 104.1 +9.7 
Acetyl-8-methylcholine 
0.025 M 5 8.7 + 1.3 84.5 +4.3 
Benzoylcholine 0.005 MZ 5 81.9 + 7.5 0.75 +0.75 

















choline and practically no benzoylcholine. This is in direct confirmation of 
the work of Mendel (13, 14) and demonstrates that it is possible to distinguish 
between the true cholinesterase of the red cells and the pseudocholinesterase 
of the plasma by the microtitration method. 


Cholinesterases of Normal Cerebrospinal Fluids 


Tables II, III, and IV show the hydrolysis of acetylcholine, acetyl-B- 
methylcholine, and benzoylcholine by normal cerebrospinal fluids. These 
fluids were taken from apparently healthy adults who were under 55 years of 
age and in whom there was no history of systemic disease, such as syphilis, 
tuberculosis, or diabetes. Each specimen had a normal protein concentration 
and cell count, and negative Wassermann and colloidal gold reactions. Many 
of the fluids were withdrawn from the subjects before the injection of a spinal 
anaesthetic for a ‘‘cold” surgical operation. 


The cholinestérase activity of the cerebrospinal fluid was, on the average, 
0.70% of that of blood serum. Reiss and Hemphill (20) found that the 
cholinesterase activity of cerebrospinal fluid varied from 0.67% to 1.11% of 
that of serum, while Tower and McEachern (27) reported a mean value of 
0.45%. The observation that cerebrospinal fluid hydrolyzed acetyl-B- 
methylcholine more rapidly than benzoylcholine agrees with the findings of 
both groups of workers. The rate of hydrolysis of acetyl-8-methylcholine 
was 42% and that of benzoylcholine 23% of the rate of hydrolysis of acetyl- 
choline. This can be compared with the respective figures of 52% and 19.5% 
reported by Reiss and Hemphill (20) and 33% and 17% reported by Tower 
and McEachern (27), both these groups using the manometric method. 
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TABLE II 


Hypro ysis OF 0.005 M ACETYLCHOLINE BY CEREBROSPINAL FLUID 
(mL. 0.001 N acip PER 100 ML. PER HR.) 


























" 24 No. ; 

Diagnosis patients Mean S.E. of mean P 
Normal 14 57.4 + 3.7 — 
Syphilis (negative C.S.F. Wassermann) 17 71.8 + 4.7 <0.05 
Syphilis (positive C.S.F. Wassermann) 16 62.9 = 3.7 >0.4 
Meningitis 10 93.6 +12.9 <0.01 
Poliomyelitis 8 59.6 + 8.1 >0.7 

TABLE III 


Hypro.ysis OF 0.025 M ACETYL-8-METHYLCHOLINE BY CEREBROSPINAL 
FLUID (ML. 0.001 N Acip PER 100 ML. PER HR.) 


























: : No. 

Diagnosis patients Mean S.E. of mean P 
Normal 18 24.3 +1.6 — 
Syphilis (negative C.S.F. Wassermann) 24 36.4 +3.4 <0.01 
Syphilis (positive C.S.F. Wassermann) 30 34.2 £3.2 <0.02 
Meningitis 11 22.2 +2.6 >0.4 
Poliomyelitis 25 32.5 +4.3 >0.1 

TABLE IV 


Hyprotysis oF 0.005 M BENZOYLCHOLINE BY CEREBROSPINAL FLUID 
(mL. 0.001 N acip PER 100 ML. PER HR.) 











Diagnosis inti Mean S.E. of mean ) 
Normal 19 13.4 $1.2 — 
Syphilis (negative C.S.F. Wassermann) 23 15.8 +1.8 >0.2 
Syphilis (positive C.S.F. Wassermann) 30 15.5 +2.0 >0.4 
Meningitis 11 81.4 +1.6 <0.01 
Poliomyelitis 23 25.3 +3.5 <0.01 
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Syphilis 


Determinations were done on the cerebrospinal fluids from a series of 
patients with syphilis (positive blood Wassermann reaction). The fluids 
were divided into two groups according as to whether the spinal fluid Wasser- 
mann reaction was positive or negative. Table II shows that the mean rate 
of hydrolysis of acetylcholine by the fluids with a positive Wassermann 
reaction was not significantly greater than that of the normal fluids (P > 0.4) 
and that the rate of hydrolysis of acetylcholine by fluids with a negative 
Wassermann reaction was only slightly greater (P < 0.05). The hydrolysis 
of acetyl-8-methylcholine was significantly greater for both groups (Table 
III), while there was no significant difference in the hydrolysis of benzoyl- 
choline (Table IV). There was thus a significant increase in the mean true 
cholinesterase activity in the cerebrospinal fluid of patients with syphilis and 
no change in the pseudocholinesterase activity. This increase was independent 
of the cerebrospinal fluid Wassermann reaction. 


Tables V, VI, and VII give the number of patients from whom were taken 
the fluids that showed an increase in hydrolysis of acetylcholine, acetyl-8- 
methylcholine, or benzoylcholine for each of the conditions studied. An increase 

TABLE V 


ACETYLCHOLINE HYDROLYSIS BY CEREBROSPINAL FLUID AND CLINICAL DIAGNOSIS 











Percentage 
No. with | No. with with 
= No — a —— - 
iagnosis “aa acetyl- acetyl- acetyl- x? 
patients! choline choline choline 
hydrolysis | hydrolysis |hydrolysis, 
% 
Normal 14 14 0 0 ~- -- 
Syphilis (negative C.S.F. 
Wassermann) 17 14 3 18 2.07 >0.1 
Syphilis (positive C.S.F. 
Wassermann) 16 14 2 13 1.87 >0.1 
Meningitis i 10 4 6 60 8.03 <0.01 
Poliomyelitis 8 7 1 13 1.83 >0.1 























in the enzyme activity was defined as an activity that exceeded the mean of the 
normal fluids by twice the standard deviation. For the enzyme activity of a 
particular fluid to be reported as increased the figures would therefore have 
to exceed 85.2 ml. 0.001 N acid per 100 ml. per hr. for acetylcholine, 37.8 
for acetyl-8-methylcholine, and 23.8 for benzoylcholine. Three of the 17 
patients with syphilis and a negative spinal fluid Wassermann reaction, and 
two of the 16 patients with syphilis and a positive spinal fluid Wassermann 
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TABLE VI 


TRUE CHOLINESTERASE IN CEREBROSPINAL FLUID AND CLINICAL DIAGNOSIS 









































Percentage 
No. with | No. with with 
o a No. normal increased | increased 
Diagnosis patients |true cholin-|true cholin-|true cholin- x P 
esterase esterase | esterase, 
Oo 
/0 
Normal 18 18 0 0 ~- - 
Syphilis (negative C.S.F. 

Wassermann) 24 15 9 38 8.59 <0.01 
Syphilis (positive C.S.F. 

Wassermann) 30 22 8 27 5.75 <0.02 
Meningitis 11 11 0 0 0.00 >0.99 
Poliomyelitis 25 19 6 24 5.02 <0.05 

TABLE VII 
PSEUDOCHOLINESTERASE IN CEREBROSPINAL FLUID AND CLINICAL DIAGNOSIS 
Percentage 
No. with | No. with with 
No normal increased | increased 
Diagnosis — pseudo- pseudo- pseudo- x? P 
patients} ‘cholin- | cholin- | cholin- 
esterase esterase esterase, 
0 
Normal 19 19 0 0 = — 
Syphilis (negative C.S.F. 

Wassermann) 23 18 5 22 4.68 <0.05 
Syphilis (positive C.S.F. 

Wassermann) 30 25 5 17 3.32 >0.05 
Meningitis 11 2 9 82 22.2 <0.01 
Poliomyelitis 23 14 9 39 9.46 <0.01 























reaction had an increased acetylcholine hydrolysis (Table V). A x? test 
showed that this was not significantly different from the control group. 
Table VI shows that, of the patients with syphilis, only nine of the 24 with a 
negative spinal fluid Wassermann reaction and only eight of the 30 with a 
positive spinal fluid Wassermann reaction had a true cholinesterase activity 
that could be reported as increased i.e. an activity that exceeded the mean of 
that of the normal fluids by more than twice the standard deviation. Although 
a x? test indicated that these figures are significantly different from those of 
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the normal fluids, the small percentage of fluids with an increased true cholin- 
esterase activity would indicate that the test is of little value from the 
diagnostic point of view. Also only five of the 23 patients with a negative 
spinal fluid Wassermann reaction and five of the 30 with a positive spinal 
fluid Wassermann reaction had an increased pseudocholinesterase activity. 
Meningitis 

Table II shows that the hydrolysis of acetylcholine by the spinal fluids of 
patients with meningitis was increased (P < 0.01). The subjects studied 
included two with meningococcal meningitis, five with pneumococcal 
meningitis, and three with tuberculous meningitis. Table III shows that the 
increase in acetylcholine hydrolysis in spinal fluids of patients with meningitis 
was not accompanied by an increase in the hydrolysis of acetyl-8-methyl- 
choline (P > 0.4), but Table IV shows that there was a great increase in the 
hydrolysis of benzoylcholine (P < 0.01). Thus in the spinal fluids of 
patients with meningitis, there was an increase in pseudocholinesterase activity 
with no change in true cholinesterase activity. 

Of the 10 fluids from patients with meningitis in which the hydrolysis of 
acetylcholine was studied, six had an increased acetylcholine hydrolysis 
(Table V) while in none of the 11 fluids in which the hydrolysis of acetyl-8- 
methylcholine was studied was there an increase in the true cholinesterase 
activity (Table VI). On the other hand, nine of the 11 fluids in which the 
hydrolysis of benzoylcholine was studied had a pseudocholinesterase activity 
greater than the mean of the normal group by more than twice the standard 
deviation (Table VII). The two meningitic fluids that did not show increased 
hydrolysis of benzoylcholine were from patients who had received numerous 
intrathecal injections of antibiotic drugs before the specimens were taken. 
In many of the meningitic patients repeated spinal fluid examinations were 
made for pseudocholinesterase activity. These also revealed an increased 
benzoylcholine hydrolysis. With clinical improvement, accompanied by a 
decrease in spinal fluid cell count and protein concentration, the hydrolysis 
of benzoylcholine decreased. The findings of the first test only for each 
patient are reported in Tables Il to VII. There appeared to be no association 
between the type of cell predominating in the fluid and the pseudocholin- 
esterase activity. . 

Poliomyelitis 

Table II shows that there was no significant increase in the hydrolysis of 
acetylcholine in fluids from patients with established poliomyelitis (P > 0.7). 
Although Table III shows that there was also no significant increase in the 
hydrolysis of acetyl-8-methylcholine (P > 0.1), Table IV shows that there 
was a statistically significant increase in the hydrolysis of benzoylcholine 
(P < 0.01). 

Of the 25 fluids from patients with poliomyelitis in which the hydrolysis of 
acetyl-6-methylcholine was studied, six had a significant increase in true 
cholinesterase (Table VI) and, of the 23 fluids in which the hydrolysis of 





COLLING AND ROSSITER: CHOLINESTERASES OF CEREBROSPINAL FLUID 335 


benzoylcholine was studied, nine had an increase in pseudocholinesterase 
activity (Table VII). In both instances the figures were significant as 
judged by the x? test, but the percentage of fluids whose enzyme activity 
exceeded that of the normal fluids by more than twice the standard deviation 
was too low for the test to be considered of any diagnostic value. 


Concentration of Protein 


Table VIII gives the coefficient of correlation between the concentration of 
protein and the hydrolysis of each of the choline esters studied. In compiling 
these statistics, the figures for the choline ester hydrolysis of all fluids were 


TABLE VIII 


CORRELATION BETWEEN THE HYDROLYSIS OF CHOLINE ESTERS BY CEREBROSPINAL 
FLUID AND THE CONCENTRATION OF PROTEIN 











Number of Coefficient of - 
Substrate observations correlation (r) S. E. of r 
Acetylcholine 0.005 MZ 53 0.37 +0.12 
Acetyl-8-methylcholine 0.025 47 95 —0.17 +0.10 
Benzoylcholine 0.005 M 94 0.66 +0.06 














pooled, regardless of the clinical diagnosis. There was a slight, but statis- 
tically significant (r = 0.37 + 0.12), correlation between the hydrolysis of 
acetylcholine and the protein concentration. This must have been entirely 
due to the pseudocholinesterase activity, for there was no significant correlation 
between the hydrolysis of acetyl-8-methylcholine (r = — 0.17 + 0.10) and 
protein concentration, and a highly significant correlation between the 
hydrolysis of benzoylcholine (r = 0.66 + 0.06) and the protein concentra- 
tion. This relation is shown in Fig 2. 


Cell Count 


Table IX shows that a similar, though less significant, correlation existed 
between the hydrolysis of the choline esters and cell count. The correlation 
was just significant (ry = 0.31 + 0.11) for acetylcholine, insignificant 
(r = — 0.05 + 0.09) for acetyl-8-methylcholine, and of slightly greater 
significance for benzoylcholine (r = 0.49 + 0.08). From these figures one 
might be tempted to speculate that the correlation between the hydrolysis of 
benzoylcholine and the cell count might be due to pseudocholinesterase activity 
in the white cells. However, it was observed that most of the fluids with both 
a high benzoylcholine activity and a high cell count also had a high protein 
concentration and were usually from patients with meningitis. On the other 
hand, the fluids with a high cell count and normal benzoylcholine hydrolysis 
usually only had a slightly increased protein concentration and were frequently 
from patients with other conditions, e.g. poliomyelitis. The fluids were, 
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therefore, divided into two groups: a small group of 19 fluids from patients 
with meningitis and a large group of 75 fluids from patients with other condi- 
tions. Table IX shows that the hydrolysis of benzoylcholine was just signi- 


TABLE IX 


CORRELATION BETWEEN THE HYDROLYSIS OF CHOLINE ESTERS BY 
CEREBROSPINAL FLUID AND THE CELL COUNT 











Substrate duuiaons | conten e S. E. of r 
Acetylcholine 0.005 : 73 0.31 +0.11 
Acetyl-8-methylcholine 0.025 M 95 —0.05 +0.09 
Benzoylcholine 0.005 94 0.49 +0.08 
Benzoylcholine (meningitis only) 19 0.46 +0.18 
Benzoylcholine (nonmeningitic) 75 0.08 +0.11 














ficantly correlated with cell count for the meningitic fluids (r = 0.46 + 0.18), 
whereas there was no such significant correlation for the larger group of 75 
fluids from patients with other conditons (r = 0.08 + 0.11). 
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It thus appeared that. the correlation between benzoylcholine hydrolysis 
and cell count reported in Table IX (r = 0.49 + 0.08) was the result of a 
significant correlation between protein concentration and cell count, since 
protein concentration was shown previously to be correlated with benzoyl- 
choline hydrolysis (Table VIII). Table X shows these three correlation 


TABLE X 
CORRELATION COEFFICIENTS AND PARTIAL CORRELATION COEFFICIENTS BETWEEN THE PSEUDO- 


CHOLINESTERASE ACTIVITY, PROTEIN CONCENTRATION, AND 
CELL COUNT OF 94 CEREBROSPINAL FLUIDS 


























Correlation between B even S.E. of r 
Tie Pseudocholinesterase activity 
and protein concentration 0.66 +0.06 
ris Pseudocholinesterase activity 
and cell count 0.49 +0.08 
123 Protein concentration and cell 
count 0.54 +0.07 
. tie — (ris X 123) Pseudocholinesterase activity 
23 = — a and protein concentration 
V1 = risX V1 = tis (cell count excluded) 0.54 +0.07 
‘ tis — (rie X 123) Pseudocholinesterase activity 
T.2 = ss = and cell count (protein con- 
V1— th X V1 = fis centration excluded) 0.21 +0.10 














coefficients together with the coefficient of partial correlation between pseudo- 
cholinesterase activity and protein concentration with cell count excluded and 
that between pseudocholinesterase activity and cell count with protein con- 
centration excluded. It can be seen that with cell count excluded the pseudo- 
cholinesterase activity was still significantly correlated with protein concen- 
tration (r.3 = 0.54 + 0.07), but that with protein concentration excluded 
the correlation coefficient between pseudocholinesterase activity and cell 
count (713.2) was only 0.21 + 0.10. This figure is barely twice its standard 
error and is of extremely dubious significance. 


From these data it can be concluded that cell count per se does not influence 
the hydrolysis of either acetyl-8-methylcholine or benzoylcholine by cerebro- 
spinal fluids. A similar conclusion was reached by Tower and McEachern 
(27). 

Discussion 

In confirmation of the work of others (20, 27) cerebrospinal fluid would 
thus appear to contain a true cholinesterase, which is able to hydrolyze 
acetyl-8-methylcholine, and a pseudocholinesterase, which is able to hydrolyze 
benzoylcholine. The true cholinesterase predominates in normal fluids. 
There was the possibility that the enzyme in the cerebrospinal fluid that 
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hydrolyzed benzoylcholine was not pseudocholinesterase, but the benzoyl- 
cholinesterase described by Sawyer (22) and Gunter (11). Gunter (11) 
reported that this enzyme was not inhibited by 2 X 10-*M eserine, a con- 
centration of eserine that completely inhibited pseudocholinesterase. The 
cerebrospinal fluid enzyme was completely inhibited by an eserine concentra- 
tion of 10-°M while a concentration of 10-*M produced almost complete 
inhibition. This would favor the view that the cerebrospinal fluid enzyme 
that hydrolyzes benzoylcholine is a pseudocholinesterase rather than a specific 
benzoylcholinesterase. 


Kaplan, Cohn, Levinson, and Stern (12) suggested that enzymes in normal 
cerebrospinal fluid may be derived from either the tissue of the central nervous 
system, i.e. brain or spinal cord, or from the blood plasma. They also 
suggested that the enzyme activity in pathological conditions could be 
increased by one or more of the following three methods: 


(a) An increase in enzyme-containing cells in the cerebrospinal fluid. 


(6) An increase in the permeability of the membrane between the blood 
plasma and the cerebrospinal fluid, with the passage of plasma enzymes into 
the cerebrospinal fluid. 


(c) A destruction of the tissue of the brain or spinal cord with the appear- 
ance of central nervous tissue enzymes in the cerebrospinal fluid. 


The observation that the cell count per se does not influence the hydrolysis 
of either acetyl-6-methylcholine or benzoylcholine would indicate that the 
white cells are devoid of either true or pseudocholinesterase. Ginsberg, 
Kohn, and Necheles (8) found no cholinesterase activity in polymorphonuclear 
leucocytes from the pus of an empyema, while Rossiter and Wong (21) showed 
that the rabbit polymorphonuclear leucocyte is unable to hydrolyze acetyl- 
choline, acetyl-8-methylcholine, or benzoylcholine. Also Brauer and 
Hardenbergh (6) reported that there is little cholinesterase in the lymphocyte 
and Youngstrom (29) stated that the enzyme is absent from the macrophages 
of a brain tumor. The absence of cholinesterase in white cells is unusual, for 
most tissues contain either true or pseudocholinesterase, or both (23). It 
would thus appear that Method (a) could not account for the increase in true 
cholinesterase observed in the spinal fluids of patients with syphilis or the 
increase in pseudocholinesterase observed in the fluids of patients with 
meningitis or poliomyelitis. 

It is possible that the pseudocholinesterase of the cerebrospinal fluid comes 
from the blood plasma (Method (0) ), for human plasma is rich in pseudo- 
cholinesterase and almost devoid of true cholinesterase (1, 13, 14, 18). The 
increase in pseudocholinesterase in the cerebrospinal fluid of patients with 
damaged meninges, i.e. meningitis, would support this view. It is also 
supported by the observation that the pseudocholinesterase activity of the 
cerebrospinal fluid is correlated with the protein concentration. Both could 
be the result of an increase in the permeability of the membrane between the 
blood plasma and the cerebrospinal fluid that may occur in meningitis (24). 
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Tower and McEachern (26) have suggested that a similar mechanism may 
explain the increase in pseudocholinesterase observed in the spinal fluids from 
patients with craniocerebral trauma. 


Although Method (0) could account for the increase in pseudocholinesterase 
it could not account for the increase in true cholinesterase. On the other 
hand, Method (c) could account for the increase in true cholinesterase but 
not for the increase in pseudocholinesterase, since the brain and spinal cord 
are rich in true cholinesterase and almost devoid of pseudocholinesterase 
(13, 14, 15, 17, 18). That there is a significant increase in the true cholin- 
esterase activity of fluids from patients suffering from syphilis, a disease that 
produces demonstrable damage to the central nervous system, is evidence in 
favor of this view. 

There are few observations in the literature on the hydrolysis of acetyl- 
choline by cerebrospinal fluids from patients with syphilis, meningitis, or 
poliomyelitis. Birkhauser (5) reported an increased hydrolysis of acetyl- 
choline by spinal fluids from patients with either tuberculous or meningococcal 
meningitis. He was also unable to find any correlation between the cholin- 
esterase activity and the white cell count of the fluids. 


Cerebrospinal fluid cholinesterase determinations would appear to be of 
little value in the diagnosis of syphilis, meningitis, or poliomyelitis. Obviously 
a determination of the hydrolysis of acetylcholine would be of little use. 
Although the mean figure for the hydrolysis of acetyl-8-methylcholine by fluids 
from patients with syphilis was significantly greater than the mean figure for 
the normal fluids, the overlap was so great that the test would be of little 
diagnostic value. The same applies to the increase in the hydrolysis of 
benzoylcholine by fluids from patients with poliomyelitis. This test could be 
of use in the diagnosis of meningitis for, in nine of the 11 patients studied, the 
benzoylcholine hydrolysis was greater than the mean of the normal fluids, by 
more than twice the standard deviation. The test has, however, no obvious 
advantages over the established diagnostic procedures for this disease. 
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SOME OBSERVATIONS ON INTERFERENCE BETWEEN 
NEUROTROPIC VIRUSES! 


By A. J. RHODES AND MARION CHAPMAN 


Abstract 

Studies have been carried out on the interference phenomenon with certain 
neurotropic viruses in experimental animals. The primary object was to 
investigate claims that material containing human poliomyelitis virus interferes 
with the progress of the infection by the MM virus in hamsters, or the Lansing 
virus in mice. We have failed to find evidence that the inoculation of specimens 
known to contain human poliomyelitis virus interferes with the progress of MM 
or Lansing virus infections, and we do not believe that the interference pheno- 
menon can be used in this way as a diagnostic test. In the course of this investi- 
gation, it was found that interference occurs when hamsters are inoculated 
cerebrally with lymphocytic choriomeningitis virus, and, four to seven days later, 
with the antigenically unrelated MM virus by the peritoneal route. A significant 
number of such treated animals are spared from developing paralysis due to the 
MM virus. Evidence was also obtained that under certain circumstances the 
inoculation of MM virus may lessen the severity of the illness due to lymphocytic 
choriomeningitis virus injected several days earlier. 


Introduction 


If two antigenically distinct viruses are inoculated into a single experimental 
animal at relatively short intervals, the phenomenon known as ‘‘interference”’ 
or “‘cell blockade’? may be observed, the animal failing to develop signs of 
infection. This interference phenomenon has been extensively studied, and 
is known to occur with many viruses. We are here concerned with certain 
members of the group of neurotropic viruses. Thus, it has been claimed that 
the injection of lymphocytic choriomeningitis (LCM) virus in monkeys exerts 
a sparing effect on the development of paralysis from the subsequent inocula- 
tion of human poliomyelitis virus (1). A similar effect is said to be produced 
by the viruses known as Columbia-SK (6), and MM (3). It has also been 
shown that lymphocytic choriomeningitis virus exerts a sparing effect in 
hamsters later inoculated with MM virus (2), and it has been reported that 
interference can be demonstrated in guinea pigs between human poliomyelitis 
virus and MM virus (5). It is probable that the blocking action of the 
Columbia-SK and MM viruses is largely associated with the presence of 
infective virus particles, as preparations treated with chemicals do not act as 
interfering agents (3, 4). 


The precise mechanism of the apparent interference with the propagation 
of human poliomyelitis virus is not known, although it is clear that there is 
no antigenic relationship between this virus and those used as interfering 
agents. Immunity mechanisms, as generally understood, do not therefore 
seem to be involved. 


1 Manuscript received August 3, 1949. 


Contribution from Connaught Medical Research Laboratories, University of Toronto, 
Toronto, Ont. Aided by a grant from the National Foundation for Infantile Paralysis. 
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Apart from the considerable theoretical interest of the interference pheno- 
menon, a practical application might be found in the introduction of a presump- 
tive diagnostic test for poliomyelitis virus, the presence of which can at present 
only be demonstrated by inoculation of monkeys. Dalldorf and Whitney (2) 
have in fact reported that the cerebral inoculation of stool extracts and cords 
infected with poliomyelitis virus in hamsters interferes with the propagation 
of MM virus. Experiments on the elaboration of a diagnostic test have also 
been reported by Lépine (7), who claimed that infected stools and cords 
interfered with the development of the Lansing strain of poliomyelitis in 
mice. This claim was, however, subsequently withdrawn (8). 

The work reported in this paper was conducted in the first instance to 
investigate the above mentioned suggestions that the interference phenomenon 
might be of value in the laboratory diagnosis of poliomyelitis infection. Our 
studies do not suggest that use can be made of this reaction for the detection 
of poliomyelitis virus in human material. In the course of our work, however, 
we have found that interference occurs in hamsters inoculated with the lympho- 
cytic choriomeningitis and MM viruses. This reaction appears worthy of 
study as a model of the interference phenomenon with neurotropic viruses in 
general, 


Methods 


Experiments have been conducted with golden hamsters and mice. The 
design of the experiments with hamsters was suggested by the report (2) that 
interference could be shown when an interval of about seven days separated 
a primary cerebral injection of an interfering agent, such as an extract of 
human stool or monkey cord, or lymphocytic choriomeningitis virus, and a 
later peritoneal inoculation of MM virus. The procedure in mice, suggested 
by the work of Lépine (7), involved the inoculation of nervous tissue infected 
with human poliomyelitis virus by the cerebral route, and 48 hr. later the 
challenge of these treated animals by the cerebral route with the Lansing 
strain of poliomyelitis virus. 

Storage.—All pathological specimens and neurotropic viruses used in this 
study were preserved in the carbon dioxide ice chest (— 60° C.). 

Stools obtained from six patients diagnosed clinically as suffering from 
poliomyelitis were prepared as 10% watery extracts by grinding them in a 
mortar. After low speed centrifugation, these extracts were rendered bacteria- 
free in one of three ways: (1) By filtration through a Seitz filter. (2) By 
repeated shaking with one-third volume of ether, as described fully in another 
communication from this laboratory (9). (3) By differential centrifugation in 
an ultracentrifuge, the virus finally being deposited at a speed of 39,000 
r.p.m. (170,000 times gravity). Five of the six stools were demonstrated to 
contain human poliomyelitis virus by inoculation of rhesus monkeys. Stool 
extracts were used only in experiments with hamsters, being injected cere- 
brally in 0.05 ml. amounts; they were mostly well tolerated, although the 
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specimens conce:ntrated by high speed centrifugation proved immediately 
toxic to some animals. All the specimens employed were shown to be sterile 
by aerobic and anaerobic cultures. 

Brains were obtained from two bulbar cases of poliomyelitis; 20% suspen- 
sions were prepared in nutrient broth and used in experiments with mice. 
These brains were demonstrated to contain poliomyelitis virus by monkey 
inoculation. 

Cords were harvested from monkeys in the early stages of paralysis fol- 
lowing the inoculation of stools from cases of poliomyelitis, and were used as 
20% or 30% suspensions in experiments with hamsters and mice. 

Hamsters.—Golden hamsters were obtained from a local breeder and were 
delivered to us at 21 to 24 days of age. 

Lymphocytic choriomeningitis virus was also used as an interfering agent 
in experiments with hamsters. The virus was originally obtained from 
Dr. Smadel in the form of guinea pig brain and spleen. Several mouse 
passages were made in our laboratory by the cerebral route. Mouse brains 
were harvested commonly on the seventh day after cerebral inoculation, and 
stocks of virus were prepared by pooling numerous brains, and making a 
20% suspension in nutrient broth. The suspension was distributed into. 
several vials and stored frozen. When such pools were titrated in mice 
(12 to 14 gm.) by the cerebral route, using 0.03 ml. inocula, the LDs was 
found to fall between 10-*-7 and 10-*1. 


The inoculation into hamsters by the cerebral route of LCM virus in the 
form of a suspension of mouse brain gives rise to a characteristic illness. Six 
to eight days after inoculation, the animals become ruffled, and show in-co- 
ordination, jerkiness, and loss of weight. With large doses of virus, death 
occurs after 8 to 17 days. 


MM virus was used in all hamster experiments as the ‘‘challenge”’ inoculum. 
The virus was obtained from Dr. Jungeblut in the form of mouse brain, and 
several further mouse passages were made in our laboratory by the cerebral 
route. Brains were harvested as soon as the mice sickened, between two and 
four days after cerebral inoculation. Pools were prepared as described in the 
case of LCM virus. When these pools were titrated in mice by the cerebral 
route, the LDjo fell between 10-* and 10-°”. 

Following peritoneal inoculation of MM virus in the form of mouse brain, 
hamsters develop a flaccid paralysis of one or both hind limbs, less commonly 
of the fore limbs, the incubation period being usually three to five days. The 
paralysis may extend for 24 to 28 hr., but thereafter any change is in the direc- 
tion of recovery of function. Paralyzed animals may recover more or less 
completely, or may move about with a partly paralyzed limb. Up to 10% of 
animals may succumb from the infection. 


In the course of preliminary work, it was found that despite the administra- 
tion of large doses of virus, not all hamsters become paralyzed after peritoneal 
inoculation, and it became necessary to investigate the underlying factors. 
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Sex does not appear to play any part in determining this resistance, for of 
88 male hamsters inoculated by the peritoneal route, 72 became paralyzed 
(82%), and of 104 females, 84 became paralyzed (81%). It seems, however, 
that age plays the major role in determining susceptibility, for when a constant 
dose of virus was injected peritoneally in hamsters of increasing age, the 
incidence of paralysis fell from over 90% in animals aged 24 to 30 days to 
60% in animals aged 36 to 40 days (see Table 1). 


TABLE I 


INCIDENCE OF PARALYSIS IN HAMSTERS OF VARIOUS AGES FOLLOWING PERITONEAL INOCULATION 
oF MM virus 














Age of ee Numbers of Numbers of Percentage 
hamsters f = heal hamsters hamsters of hamsters 
in days ee ee used paralyzed paralyzed 
' (0.5 ml. amounts) ? ’ 
24 to 30 107 73 68 93 
31 to 35 102 31 22 71 
36 to 40 10-2 34 21 62 

















It was not possible to obtain enough animals to enable the pools of virus to be 
titrated regularly in hamsters, and the dose of MM virus used as challenge is 
given in terms of the amount of mouse brain suspension rather than the 
number of paralyzing doses for the hamster. Hamsters aged 24 to 27 days 
were constantly paralyzed following a peritoneal inoculation of 0.5 ml. of a 
10~* dilution of infected mouse brain, and approximately 80% of animals 
10 days older were paralyzed by 4 to 10 times this amount. 

Lansing virus was used as challenge in the experiments with mice. Pools 
were prepared as in the case of LCM and MM viruses, and, when they were 
titrated cerebrally in mice, the LDso was found to fall regularly between 
10-*? and 107+», 


Results 


EXPERIMENTS UsING HUMAN POLIOMYELITIS VIRUS AS AN INTERFERING 
AGENT IN HAMSTERS 
Plan of Experiments 


The procedure was to inoculate a number of hamsters aged 24 to 27 days 
by the cerebral route with stool extracts or monkey cords prepared as described 
above, the amount of extract given to each animal being 0.05 ml. On the 
same day, a group of six to eight of these treated animals was inoculated by 
the peritoneal route with MM virus. Other groups of treated animals were 
challenged with MM virus 2, 4, 7, and 10 days after the inoculation of the 
interfering agent. On each occasion that MM virus was injected into the 
treated animals, a control group of similar age was likewise inoculated. The 


Wx. 
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doses of MM virus inoculated varied according to the age of the group of 
hamsters, and were chosen so as to paralyze as high a percentage as possible. 
In some experiments, the procedure was simplified by giving the challenge 
dose of MM only at four and seven days after the primary inoculation. 


Experiments with Stools 


Six stool extracts were tested; one was prepared by Seitz filtration, two by 
etherization, and three by high speed centrifugation. 


No interfering effect could be demonstrated with any of the preparations, 
the incidence of paralysis due to MM virus in the treated groups not being 
different from that in normal animals of the same age challenged at the same 
time. A typical result is shown in Table II. 


TABLE II 


INTERFERENCE EXPERIMENT WITH HUMAN STOOL EXTRACT IN HAMSTERS 








Interval between 


primary inoculation 
of stool extract* 
and challenge with 
MM (in days) 


Totals 





Dilution of MM 
virus used in form 
of mouse brain 


Numbers of animals 
treated with stool 
becoming paralyzed 





Numbers of control 
animals becoming 
paralyzed from MM 








(0.5 ml. amounts) from MM 
1072 6/6 7/8 
1071-4 6/6 7/8 
12/12 14/16 











* The stool derived from a case of paralytic poliomyelitis (No. 3/213), and the extract prepared 
by high speed centrifugation was shown to contain poliomyelitis virus by monkey inoculation; the 
same extract was used in the interference experiment. 


Experiments with Cords 


Three preparations of monkey cord containing human poliomyelitis virus 
were tested. Two cords were used as 20% suspensions, and one as a 30% 
suspension. No preparation exerted any significant sparing effect on the 
incidence of paralysis due to MM. 


Summary 


We have found no evidence that the inoculation of human stools and 
monkey cords containing poliomyelitis virus regularly spares hamsters from 
developing paralysis due to MM virus. 


EXPERIMENTS UsING HUMAN POLIOMYELITIS VIRUS AS AN INTERFERING 
AGENT IN MICE 


We have investigated the interfering action of extracts of two human 
brains and four monkey cords containing human poliomyelitis virus. These 
extracts were inoculated cerebrally in mice (12 to 14 gm.); 48 hr. later, groups 
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were challenged with 10, 50, or 100 LD of Lansing virus cerebrally. None 
of these preparations had any effect in lessening mortality from Lansing 
infection. However, in five experiments there was some slight lengthening 
of the incubation period. We have concluded that the prolongation of the 
incubation period is too slight to enable this test to be used in diagnostic work. 
Table III shows the results of one such experiment in detail. 


TABLE III 


INTERFERENCE EXPERIMENT WITH EXTRACT OF MONKEY CORD INJECTED IN MICE 








Dose of Lansing Numbers of Numbers of ' Average day of onset of paralysis 
a ee ape treated animals 
virus (in LD5o) controls dying dow of - DSR oP it ad 
used as of Lansing virus Pose ie 
dealin alicia Lansing virus In In treated 
' 8 infection controls animals 
10 10/10 10/10 eS 7.9 
50 10/10 10/10 6.0 6.9 
100 10/10 10/10 3.7 6.3 

















INTERFERENCE EXPERIMENTS WITH LYMPHOCYTIC CHORIOMENINGITIS 
VirUS IN HAMSTERS 


The design of the experiments was similar to that reported above, where 
extracts of human stools and monkey cords were used. Thus, a batch of 
hamsters, 24 to 27 days of age, was inoculated cerebrally with LCM virus, 
and, at various intervals thereafter, groups were challenged with MM virus. 
Controls were inoculated with either virus alone. The treated animals were 
examined for evidence of infection with either LCM or MM virus. 


Experiment 1 


In this experiment, the treated animals were challenged at 0, 2, 4, 7, and 
10 days after inoculation. It will be seen from Table IV that the inoculation 
of LCM virus did not lessen the incidence of paralysis due to MM virus, when 
the two viruses were injected at intervals of 0 to 2 days. However, there was 
a significant sparing effect from MM paralysis in those animals challenged 
4, 7, and 10 days after the LCM injection, for only 7 out of 24 (29%) treated 
animals became paralyzed, as compared to 16 out of 19 (84%) controls. 

A lethal dose of LCM virus was administered in this experiment, and it 
might have been expected that animals failing to develop MM paralysis would 
later die from LCM infection. This actually occurred in the group of 20 
animals challenged 0 and 2 days after the inoculation of LCM (see Table V). 
Eighteen of these animals quickly developed paralysis due to MM, and six 
died therefrom. The remaining 12 paralyzed and two nonparalyzed animals 
all developed signs of LCM infection and died 10 to 19 days after the primary 
injection, so that there were no survivors of the original 20 animals. 
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TABLE IV 


INTERFERENCE BETWEEN LCM Aanp MM VIRUSES IN HAMSTERS 








Interval Dilution | Dilution . . Numbers of 
between of LCM of MM |. 0 pel control animals | Deaths in 
primary virus in views ta [a tae untreated control 
injection form of form of with LCM that with LCM that| animals P 
of LCMand!| mouse mouse developed developed inoculated x 
inoculation brain brain paralysis on aralysis on | with LC M 
of MM virus} (0.05 ml. (0.05 ml. ——— per only : 
(in days) | amounts) | amounts) WA . with MM 
0 1071+ 10 9/10 6/6 | 11/12 
18/20 r 12/12 
2 10-714 102 =| 9/10 | 6/6 } 
4 107144 10-14 4/10 | 5/6 | 
7 10-14 1071 3/10 | 7/24 5/6 16/19 10.8 
10 10-2 1074 0/4* ) 6/7 } 























* Six animals died from LCM prior to MM inoculation. 
TABLE V 


DEATHS OCCURRING IN HAMSTERS INOCULATED WITH BOTH LCM AnD MM viRUSES 











Interval between 
primary Numbers of 
injection of Numbers of Deaths Deaths animals 
LCM and animals attributable attributable remaining 
inoculation in group to MM virus to LCM virus free of all 
of MM virus signs of illness 
(in days) 
0 10 5 5 0 
2 10 1 9 0 
4 10 0 2 6 
7 10 1 2 6 
10 4 0 4 0 

















In marked contrast was the behavior of the 20 animals challenged four and 
seven days after the inoculation of LCM, as 12 remained free of any signs of 
sickness whatsoever. It appeared, therefore, that in these animals both LCM 
and MM viruses failed to develop to the point of causing evident signs of sick- 
ness. 


Experiments 2, 3, and 4 


Experiment 2 was simplified to the extent of giving the MM inoculation 
once only, six days after the primary injection of LCM virus. The lethal 
action for hamsters of the LCM pool of virus was lower than that used in 
Experiment 1, as shown by the fact that although all 10 hamsters inoculated 
as controls with LCM alone became sick, only two died. Accordingly, it was 
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possible to keep all treated animals under observation for a prolonged period. 
As shown in Table VI, it was found that only one out of nine hamsters receiving 
the LCM virus became paralyzed when challenged with MM virus, as com- 


TABLE VI 


INTERFERENCE BETWEEN LCM Anp MM VIRUSES IN HAMSTERS 









































Interval Dilution Dilution ‘ ' Numbers of 
between of LCM of MM Numbers of control animals 
primary virus in virus in nee untreated _ 
injection form of form of | shut developed | ., With LCM ‘ 
of LCM and mouse mouse meer ee Opec | that developed x 
inoculation brain brain srk _ paralysis on 
of MM virus (0.05 ml. (0.5 ml. with MM. inoculation 
(in days) amounts) amounts) So with MM 
y 
Experiment 2 
6 10714 107 1/9 8/10 6.46 
Experiment 3 
4 10-2 10-2 2/7 | 7/8 | 
> 2/15 > 11/13 11.50 
7 10-2 10-14 0/8 | 4/5 } 
Experiment 4 
+ 107? 10-2 1/10 8/10 7.28 
Totals 4/34 27/33 30.29 
pared to eight out of 10 untreated animals becoming p :.lyzed. gain, 


there apveared to be some evidence that MM virus exerted a reciprocal 
modifying effect on the propagation of LCM virus, as the signs of infection 
with the ‘atter agent appeared less severe in the an.iials receiving the two 
viruses than in controls. 

In Exjeriment 3, the challenge of MM virus was given at four and seven 
days after the inoculation of LCM, 
four days. I 


and in Experiment 4 at an interval of 
The results are also shown in Table VI, from which it will he 
evident that well marked sparing from MM paralysis was demonstrated in 
both experiments. 

The differences between the incidence of MM paralysis in treated animals 
and controls are significant in all three experiments. 
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EFFETS DE L’ACIDE ASCORBIQUE SUR PLUSIEURS VARIABLES 
BIOLOGIQUES NORMALEMENT AFFECTEES PAR LE FROID! 


Par M. THERIEN, J. LeEBLaANc, O. HERoux, ET L. P. DuGAL 


Abstract 


It has been shown recently by Dugal and Thérien that during a short or long 
exposure to cold, the normal hypertrophy of the adrenals is completely prevented 
by large doses of ascorbic acid, ‘and that, nevertheless, at the same time, resistance 
is increased towards the same damaging agent. So, the most universally 
accepted criterion of damage caused by stress is abolished when the animals 
exposed to cold receive large doses of ascorbic acid. Starting from that observa- 
tion, it was natural to wonder what would be the effects of the ascorbic acid on 
the biological changes normally associated with the hypertrophy of the adrenals 
during exposure to cold. The present paper describes the experimental studies 
made in that connection; the results obtained show that: (1) ascorbic acid 
(a) partly inhibits the thymus atrophy normally encountered upon exposure to 
any stress including cold, (b) accelerates in a very significant way the enlarge- 
ment of the thyroid, (c) is responsible for an increase in weight of the spleen, 
whereas the control animals, on the contrary, show a decrease in weight of the 
same organ; (2) the histamine content of the adrenals, which increases at room 
temperature under the influence of ascorbic acid, is significantly decreased during 
exposure to cold under the influence of the same substance; (3) the activity of 
the adrenals, far from being inhibited by ascorbic acid is even increased if the 
cholesterol changes are taken as an index of that activity; (4) the initial hypo- 
tension—due to cold—found in our controls, is preve ‘nted by large doses of 
ascorbic acid; on the other hand, if hypertension de-elops after long exposure to 
cold, the subsequent administration of large doses of ascorbic acid restores the 
blood pressure to normal. Confirmation has also been obtained for the previously 
reported observation that ascorbic acid prevents the hypertrophy of the adrenals 

‘uring exposure to cold. 


futroductiov 


Des travaux antérieurs exécutés dans notre laboratoire ont moniré que 
l’acide ascorbique, 4 doses massives, augmente la résistance et facilite l’ac- 
climatation du rat et du cobaye au froid (2). Cette constatation de fait était 
accompagnée de plusieurs observations sur le métabolisme de l’acide ascor- 
bique | 1i-méme au froid, et nous avions mentré, en particulier, que l’action 
bienfaisante de l’acide ascorbique, dans les conditions précitées, était fonction 
de la concentration dc cette substance dans les surrénaies (2, 3). 

Cette derniére constatation nous a alors paru d’un iit ‘rét singulier: on 
savait déja, en effet, que la surrénale jouait un rdle important—encore mal 
défini—dans la résistance des mammiféres aux agents endommageants en 
général, et en particulier au froid (1); on admettait que le cortex surrénal 
accroissait son activité dans des conditions de ‘“‘stress’’ ou de ‘‘mis¢re physio- 
logique’’, et que cette activité accrue était accompagnée d’une hypertrophie 
de la surrénale (facilement décelable 4 l’augmentation de son poids), signe 
ou effet de son activité augmentée et dans bien des cas, de son épuisement. 
On savait aussi, par les travaux assez récents de Giroud (6), de Long (11) et 


1 Manuscrit regu 11 juillet, 1949. 


Contribution du département de recherches en Acclimatation, Facullé de Médecine, Univer- 
sité Laval, Québec, P.Q., avec l'aide financiére du Conseil des Recherches de la Défense nationale 
du Canada. 
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de leurs collaborateurs respectifs qu’il existe une relation—encore obscure— 
entre acide ascorbique et hormones corticales. Cette relation que nous avions 
trouvée entre la teneur en acide ascorbique des surrénales et la facilité d’adapta- 
tion au froid nous indiquait donc quelle orientation donver a nos recherches 
subséquentes, dans un effort pour préciser les mécanisnes en jeu et ainsi 
évablir le fait (2 l’acclimatation au froic chez ics animaux 4tudiés. 

Nous 2 bord voulu savoir ius: était l’effet de fortes doses d’acide 
ascorbique sur l’hypertrophie de la surrénale normalement observée au froid. 
Cette série d’expériences nous ménageait un résultat important et inattendu: 
nous avons constaté, aussi bien chez le rat qui fait la synthése de |l’acide 
ascorbique que chez le cobaye qui ne la fait pas, que cette substance em péche 
Uhypertrophie de la surrénale tout en augmenicni la résistance de ces animaux 
au froid. Autrement dit, '¢ cr '. plus universellement reconnu de l|’action 
nocive d’un agent endon geane Cri le froid) chez le mammifére n’existe 
plus quand cet étre vivant, pour. *..c exposé aux mémes conditions défavorables 
recoit un apport considérable d’acide ascorbique. C’était la premiére fois 
qu’on démontrait qu’une substance autre qu’une hormone corticale, une 
substance qui est une vitamine, empéchait l’hypertrophie de la surrénale dans 
un cas de “‘stress’’ (4). 

A ce stage, on pouvait se demander logiquement si la plupart des effets 
pathologiques ou physiologiques, normalement associés a4 l’hyperactivité de 
la surrénale, étaient aussi abolis par l’action de l’acide ascorbique dans les 
cas d’exposition au froid. En empéchant ainsi l’hypertrophie de la surrénale, 
bloquait-on son activité? Bloquait-on l’activité de l’hypophyse et des 
hormones corticotropes? Empéchait-on la réaction normale du thymus 
jusque 1a créditée 4 l’hyperactivité du cortex surrénal? Empéchait-on la 
sécrétion d’hormone thyroidotrope et l’apparition éventuelle de |l’hyperacti- 
vité de la thyroide? Empéchait-on l’involution de la rate? Favorisait-on 
l’augmentation de l’histamine des surrénales, comme c’est le cas 4 température 
normale? Empéchait-on I’hypotension normalement observée dans les cas 
d’exposition au froid? Favorisait-on ou non la baisse du cholestérol dans les 
surrénales, l’un des plus récents critéres de son activité? 


Travail Expérimental 
C’est a ces différentes questions que nous allons tacher de répondre dans ce 
mémoire que nous allons diviser en quatre parties: (1) poids du thymus, de 


la thyroide et de la rate; (2) teneur en histamine des surrénales et des reins; 
(3) teneur en cholestérol des surrénales et enfin, (4) pression systolique. 


(1) Poids du Thymus, de la Thyroide et de la Rate 


Chez des animaux non traités a l’acide ascorbique et exposés au froid, les 
poids du thymus et de la rate diminuent de facon drastique au bout de quelques 
heures d’exposition (12). La thyroide, au contraire, s’hypertrophie, mais cette 
augmentation de poids n’apparait que trés tard, et aprés une atrophie initiale 
et passagére (12). Nous avons donc exposé trois groupes de rats (26 animaux 
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par groupe), pesant en moyenne 200 grammes, a une température de —2° C. 
Le 1* groupe recevait 150 mg. par jour d’acide ascorbique,* sous forme 
d’ascorbate de sodium, par injections intrapéritonéales; le second recevait, 
par la méme voie, la méme quantité d’une solution de bicarbonate de sodium, 
ajustée de facon 4 ce que la quantité de sodium administrée 4 ce groupe soit 
exactement ia méme que celle donnée au premier groupe; le troisiéme groupe 
ne recevait rien. Des groupes correspondants étaient gardés A température 
normale. Les résultats obtenus au bout de 24 heures et de 48 heures d’exposi- 
tion au froid, 7°ns les conditions précitées, ne montrent aucun changement 
significatif d ies poids de surrénales, de thymus, de rate ou de thyroide 
pour l’un ou l’autre des groupes employés. Des différences marquées et 
significatives apparaissent cependant aprés trois jours d’exposition (Tabieau I). 

Ces résultats, en plus de confirmer nos résultats antérieurs sur la surrénale 
(4), montrent que la diminution du poids du thymus, importarte et significative 
chez les groupes témoins, est partiellement inhibée et peu significative chez le 
groupe qui recoit de l’acide ascorbique. Par contre, l’hypertrophie de la 
thyroide est déja significative au bout de ce laps de temps chez les animaux 
traités a l’acide ascorbique, alors que les témoins recevant du bicarbonate de 
sodium montrent une thyroide atrophiée. 

Les résultats obtenus sur la rate montrent qu’elle diminue de poids, de 
fagon assez importante, chez les témoins exposés au froid; par contre, son 
poids augmente assez considérablement, dans les mémes conditions, chez les 
animaux qui recoivent de l’acide ascorbique; dans les deux cas, cependant, et 
malgré le nombre relativement élevé d’animaux dans chaque groupe, les 
résultats ne sont pas statistiquement significatifs. 


(2) Teneur en Histamine des Surrénales et des Reins 

On sait que la vaso-constriction périphérique est la premiére réaction de 
defense des homéothermes contre un abaissement de température et, qu’elle 
est suivie d’une vaso-dilatation attribuable, selon Lewis (7) a l’histamine 
(ou substances histaminiques) libérée par les tissus sous l’influence du froid. 
De plus, Sevin et Lavollay (13) ont montré que I’acide ascorbique, administré 
a des animaux gardés a la température du laboratoire, augmente la concen- 
tration d’histamine dans les tissus, et McCarrison (9) a constaté que la 
surrénale s’hypertrophie sous l’influence d’injections d’histamine; de plus, 
Dugal et Thérien (4) ont observé que l’acide ascorbique prévient |’hyper- 
trophie de la surrénale des animaux exposés au froid. 

Placés devant ces faits, nous avons alors voulu savoir si au froid, la vitamine 
C exergait le méme effet sur la concentration d’histamine qu’a température 
normale, ou si, au contraire, elle diminuait la concentration d’histamine dans 
les tissus, surtout dans les surrénales et les reins. 

Dans cette expérience nous avons employé 160 cobayes de méme poids que 
nous avons divisés en quatre groupes: deux de ces groupes, l’un recevant 25 
mg. d’acide ascorbique par jour, l’autre 2 mg. seulement, furent exposés a une 


* Redoxon forte, Hoffman-Laroche, Montréal, P.Q. 
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température de —1.5° C. pendant trois jours; deux autres groupes, recevant 
aussi 25 et 2 mg. de vitamine C par jour servirent de témoins 4 température 
normale. 


La méthode d’extraction et de dosage de l’histamine que nous avons em- 
ployée est celle de Barsoum et Gaddum modifiée par Bram Rose (10). 


Le Tableau II montre qu’au froid, la concentration d’histamine diminue de 
20.4% dans les surrénales du groupe recevant 25 mg. d’acide ascorbique par 
jour; au contraire elle augmente de 42.7% chez les animaux recevant seule- 
ment 2 mg. chaque jour. 


TABLEAU II 


HISTAMINE EN //GR. DANS LES SURRENALES DE COBAYES EXPOSES TROIS JOURS DE —1.5°A 1°C, 
+ 


























r Groupe recevant 25 mg. acide asc./jour | Groupe recevant 2 mg. acide asc./jour 
Nombre 
= _ Différence Différence 
iin tee Froid ens. a Froid be ae 
4 groupes normale normale, normale normale, 
% /0 
10 1.69 1.96 —13.7 2.a0 2.02 +24.2 
10 1.76 1.83 — 3.8 2.20 1.23 +78.8 
10 1.54 2.49 —38.2 2.06 1.65 +24.9 
10 1.88 2.35 —20.0 1.94 1.19 +63.0 
Moyennes 1.71 2.15 —20.4 2. 1.32 +42.7 
(sur 40 (sur 40 (sur 80 (sur 40 (sur 40 (sur 80 
cobayes) cobayes) cobayes) cobayes) cobayes) cobayes) 























Quant 4a la concentration d’histamine dans les reins (voir Tableau III), elle 


diminue au froid de 26.88% 


peine chez le deuxiéme groupe (2 mg.). 


TABLEAU III 


chez le premier groupe (25 mg.) mais varie a 

















HISTAMINE EN Y/G. DANS LES REINS DE COBAYES EXPOSES TROIS JOURS DE —1.5°A 1°C 
a Groupe recevant 25 mg. acide asc./jour | Groupe recevant 2 mg. acide asc./jour 
—— Différence Différence 
. Temp. | froid—temp. : Temp. froid—temp. 
= = Froid normale normale, Froid normale normale, 
groupe A 0 
10 0.704 1.302. —45.9 0.622 0.664 — 6.3 
10 0.559 1.140 —50.9 1.140 0.999 +14.1 
10 1.090 0.875 +24.6 0.761 0.800 — 4.9 
10 1.150 1.450 —20.7 0.726 0.684 + 6.1 
Moyennes 0.875 1.192 — 26.88 0.812 0.784 — 3.30 
(sur 40 (sur 40 (sur 80 (sur 40 (sur 40 (sur 80 
cobayes) cobayes) cobayes) cobayes) cobayes) cobayes) 
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Ces résultats montrent done que l’acide ascorbique diminue la concentration 
d’histamine dans les tissus de cobayes exposés au froid, du moins pour la 
période étudiée. 


(3) Teneur en Cholestérol des Surrénales 

Depuis que Sayers, Sayers, Lewis et Long (11) ont décrit les variations 
du taux d’acide ascorbique et de cholestérol sous l’influence d’une injection 
d’hormone corticotrope, le comportement de ces deux variables est devenu la 
méthode par excellence pour juger de |’activité des surrénales dans tous les 
cas de mis¢re physiologique, y compris l’exposition au froid. On sait aussi 
que l’hyperactivité du cortex surrénalien est normalement accompagnée ou 
suivie d’une hypertrophie de cette glandg. 

La ques‘'on se posait donc de savoir si, en empéchant l’hypertrophie de la 
surrén uc au froid, l’acide ascorbique bloquait ou non en méme temps I’activité 
de cette giaude. 

C’est ce probléme théorique que nous avons voulu résoudre en étudiant les 
variations du taux de cholestérol des surrénales chez des animaux soumis au 
froid et recevant de fortes doses d’acide ascorbique. Dans les conditions ot 
nous opérions, le cholestérol était évidemment le seul témoin possible de I’acti- 
vité surrénalienne. 

Dans nos analyses nous avons employé la méthode de Schoenheimer et 
Sperry modifiée par Sperry (14) et nous avons expérimenté sur des rats et des 
cobayes. Nous décrivons d’abord les expériences faites sur le rat blanc. 

Le tableau IV montre les résultats obtenus sur deux groupes d’animaux 
de 100 4 150 grammes exposés au froid pendant 24 heures; |’un de ces groupes 
recevait de l’ascorbate et l'autre du succinate de sodium; ces deux groupes 


TABLEAU IV 




















Différences entre les groupes 
Nombre} Cholestérol, Cholestérol —— 
Traitement de b/ total Cholestérol, % Cholestérol total 
rats . | (mg./100 mg.) (mg.) 
Différence t Différence t 
Ascorbate au froid 10 1.55 0.279 ) 
+0.2 * +0.014 | 
> —36.8 3.86 —31.5 3.28 
Ascorbate a temp. 8 2.45 0.406 
normale +0.1 +0.036 } 
Succinate au froid 10 1.67 0.270 ) 
+0.19 +0.035 | 
} +1.83 0.30 ~4.3 0.1 
Succinate 4 temp. 10 1.64 0.282 | 
normale +0.26 +0.035 } 


























* Ecart type. 
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avaient leurs témoins 4 température normale. Sil’on compare le groupe traité 
a l’acide ascorbique et exposé au froid 4 son témoin gardé a température 
normale, on constate une chute trés marquée et significative du cholestérol des 
surrénales. Par contre, il n’y a aucune diminution chez le groupe traité au 
succinate de sodium. Donc, aprés une exposition de 24 heures au froid, les 
surrénales du groupe recevant l’acide ascorbique montrent une forte diminu- 
tion de cholestérol, significative, ce qui témoigne d’une activité accrue par 
rapport aux témoins. 

Dans le tableau V sont enregistrés les résultats obtenus sur trois groupes 
d’animaux, d’environ 200 grammes, exposés au froid pendant 48 heures. En 
comparant les deux groupes traités a l’acide ascorbique on constate qu’au 





























TABLEAU V 
Différences entre les groupes 
Nombre Cholestérol, Cholestérol |—- - i 
Traitement de % total Cholestérol, % Cholestérol total 
rats (mg./100 mg.) (mg.) -_-—— ——- —— 
Différence t Différence t 
Ascorbate au froid ‘19 2.55 0.410 ) 
+0.32* +0.054 
} -26.95 | 2.55 —26.26} 1.84 
Ascorbate a temp. 23 3.08 0.556 | 
normale +0.229 +0.058 } 
Bicarbonate au froid 21 2.83 0.530 | 
+0.327 +0.064 | 
4 — 9.00 0.62 — 7.20 0.48 
Bicarbonate a temp. 23 3.11 0.573 | 
normale +0.290 +0.063 } 
Témoins au froid 9 2.93 0.548 | 
+0.34 +0.073 | 
4 —19.87 1.52 —21.04 1.24 
Témoins a temp. 11 3.65 0.694 | 
normale +0.33 +0.092 ) 





























* Ecart type. 


froid il y a une baisse importante du cholestérol des surrénales (diminution du 
% de cholestérol significative) alors qu’il n’y a pas de diminution significative 
chez le groupe qui recoit du bicarbonate de sodium et chez celui qui ne regoit 
rien. On remarque également 4 température normale une baisse du cholestérol 
chez les animaux injectés, par rapport aux témoins non injectés. 

Dans le Tableau VI, il s’agit d’une exposition au froid de 72 heures. Les 
résultats sont les mémes que dans les deux expériences précédentes pour le 
groupe qui recoit de l’ascorbate de sodium: une chute marquée et significative 
du cholestérol des surrénales de rats exposés au froid. Cependant le groupe 
qui ne recoit rien réagit de la méme facgon que le groupe qui recoit de l’acide 
ascorbique. II] est important de remarquer ici que dans les conditions ot 





356 


CANADIAN JOURNAL OF RESEARCH. VOL. 27, SEC. 


TABLEAU VI 


























Différences entre les groupes 
Nombre} Cholestérol, Cholestérol 
Traitement de % total Cholestérol, % Cholestérol total 
rats (mg./100 mg.) (mg.) 
Différence t Différence t 

Ascorbate au froid 25 2.24 0.395 | 
+0.167* +0.031 | 

—29.56| 3.67 —27.65| 4.38 
Ascorbate 4 temp. 26 3.18 0.546 | 
normale +0.195 +0.015 } 
Bicarbonate au froid 22 .77 0.525 ) 
+0.354 +0.076 | 

? —10.64 0.68 — 1.50 0.10 
Bicarbonate a temp. 24 3.10 0.533 | 
normale +0.329 +0.033 } 
Témoins au froid 26 2.09 0.411 | 
+0.173 +0.042 | 

\ —33.43 3.27 —21.26 1.43 
Témoins a temp. 25 3.14 0.522 | 
normale +0.271 +0.065 } 


























* Ecart type. 


nous avons opéré, la baisse du cholestérol des surrénales, qui n’était pas 
significative chez les témoins non traités exposés au froid pendant 48 heures, 
le devient au bout de 72 heures; autrement dit, les résultats, obtenus par 
Long (8) sont confirmés, mais avec un décalage de plus de deux jours, décalage 
imputable au fait que la température employée dans notre cas était plus 
élevée ou que les rats employés dans |’expérience de Long étaient plus petits. 
Le décalage ainsi obtenu nous a permis d’amplifier le phénoméne, et surtout 
d’observer que les rats traités a l’acide ascorbique montraient cette baisse 
caractéristique du cholestérol surrénalien bien avant les témoins non traités. 
Quant aux témoins traités au bicarbonate, véritables témoins ceux-la, la 
diminution du cholestérol dans les surrénales bien qu’assez importante n’est 
pas encore significative au bout de ces trois jours d’exposition au froid. 


La fig. 1 est une représentation graphique des trois tableaux précédents: 


(a) Cholestérol %: il n’y a, chez le groupe témoin, aucune baisse signi- 
ficative durant les trois premiers jours d’exposition au froid. Chez le groupe 
qui recoit de l’acide ascorbique cette réduction est trés prononcée et toujours 
significative. Chez le groupe qui ne regoit rien il y a une réduction significative 
du cholestérol seulement aprés 72 heures d’exposition au froid. 

(b) Cholestérol total: chez le groupe traité a l’acide ascorbique il y a une 
baisse significative du cholestérol total aprés 24 et 72 heures d’exposition. 
Dans aucun autre cas constatons-nous ."< baisse significative. 


Le Tableau VII montre les résultats obtenus chez le cobaye. Des animaux 
pesant environ 300 grammes ont été exposés au froid durant 24 heures. Chez 
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le groupe qui recoit le plus d’acide ascorbique, le cholestérol a diminué dans 
les surrénales, tandis que chez le groupe qui recoit environ 10 fois moins 


0 — 


0 

~— 

~Y “a es _ - 
> -10 
.. . 
%, % 
*. *e 
*s se -20 * 

















-40 i a - -40 A » . 
0 1 2 3 0 1 2 3 
Jours Jours 
Fic. 1 (a) Fic. 1 (6) 


Fic. 1. A = cholestérol,%. 68 = cholestérol total. Ascorbate. ——- —— 
Témoins, ————— Non traités. En ordonnées: pourcentages de variation par 
rapport aux animaux semblablement traités, a la température normale. 


d’acide ascorbique par jour, le cholestérol n’a pas changé par rapport aux 
valeurs obtenues 4 température normale. 


TABLEAU VII 














Groupe II 25 mg./jour Groupe IX 2 mg./jour 
Nombre 
d’animaux | Température Froid Différence, | Température Froid Différence, 
normale % normale % 
Cholestérol, % 27 6.34 5.08 —19.87 4.65 4.77 +2.52 
Cholestérol total 27 4.22 3.45 —18.25 3.68 3.66 —0.55 





























On obtient donc ici des résultats analogues 4 ceux que nous avons obtenus 
chez le rat, pour le méme temps d’exposition au froid. 

Ces résultats indiquent que l’acide ascorbique, loin d’empécher |’activité de 
la surrénale pendant |’exposition au froid, semble au contraire la favoriser, 
si la baisse du cholestérol est vraiment un indice sfir de cette activité. 


(4) Pression Systolique 


La méthode que nous avons employée pour mesurer la pression des 
animaux en expérience est celle du pléthysmographe (William, Harrison et 
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Grollman (15) ) modifiée par Friedman (5). 
° e ya . . sie * 4 ee ’ * 
raisons justifiées et indiscutables, a éliminé la nécessité de chauffer |’appareil 
et l’animal au moment des déterminations. 
fication s’adaptait merveilleusement 4 nos protocoles expérimentaux ot les 
rats étaient soumis au froid et ne devaient en étre sortis que pendant quelques 
minutes (un maximum de dix minutes) pour les besoins des déterminations. 


TABLEAU VIII 


VOL. 27, 


EXPERIENCE DE 48 HEURES 


SEC. E. 












On sait que ce dernier, pour des 


On comprend qu’une telle modi- 


Comme on peut le constater, d’aprés le Tableau VIII, la pression systolique 
d’un groupe de rats gardés 4 température normale et ayant recu pendant 
48 heures, 150 mg. d’acide ascorbique par jour (sous forme d’ascorbate de 
























































































Poids Poids Pression Pression Diff. t Pistincatn : 
initial final initiale finale ; 
I 
Diff. entre ascorbate temp. normale et ascorbate froid: —2.6 \t = 0.7) iJ 
202.5 203.3 107.6 + 1.0* 87.9 + 1.9 —19.7 9.3 Ascorbate de sodium f 
iE Raed 22) Température normale ‘ 
198.6 188.8 107.6 + 1.0 85.3 + 3.2 —22.3 6.7 Ascorbate de sodium 
(131) (17) Froid 
Diff. entre bicarbonate temp. normale et bicarbonate froid: —23.0 (t = 8.2) ; 
199.3 200.8 107.6 + 1.0 103.2 + 1.8 — 4.4 2.2 Bicarbonate de sodium 
(131) (21) Température normale 4 
203.7 192.6 107.6 + 1.0 80.2 + 2.2 —27.4 11.4 Bicarbonate de sodium ' 
(131) (16) Froid 
Diff. entre témoins temp. normale et témoins froid: —33.5 (t = 5.7) 
192.6 191.0 107.6 + 1.0 107.5 + 2.6 — 0.1 0.0 Témoins 
(131) (10) Température normale 
196.4 181.0 107.6 + 1.0 74 + 5.4 —33.6 6.1 Témoins 
(131) (9) Froid 
' 
* Ecart type. 
** Nombre d’animaux. 
N.B. omest calculé d’aprés (N = N — 1) sauf pour les témoins ou N = N — 2. 
sodium) par injections intrapéritonéales, est de 19.7 mm. Hg moins élevée 
(baisse hautement significative) que la pression initiale observée avant le 
traitement a l’ascorbate de sodium. Chez les animaux du méme groupe et : 


exposés au froid pendant les deux jours de traitement, la pression subit une 
baisse équivalente la encore hautement significative. 





i 
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Par contre, chez les rats traités au bicarbonate de sodium pendant le méme 
temps, la pression systolique qui ne diminue que de 4.4 mm. Hg a température 
normale, subit une chute trés marquée lorsque ces animaux sont exposés au 
froid. On observe le méme phénoméne chez les témoins ne recevant aucune 
injection: la pression demeure a son niveau normal a température ordinaire, 
tandis qu’au froid elle baisse de fagon dramatique. 

En somme l’hypotension due au froid, observée chez les rats témoins non 
traités ainsi que chez les animaux recevant des injections de bicarbonate de 
sodium, ne semble pas se produire chez les rats traités a l’acide ascorbique, 
puisque la baisse de pression obtenue chez les rats recevant de |’ascorbate 
de sodium au froid n’est pas plus prononcée que celle obtenue chez les rats 
traités de la méme fagon mais gardés 4 température normale. La différence 
entre la pression des rats recevant de l’ascorbate au froid et celle des animaux 
du méme groupe gardés 4 température ordinaire n’est pas significative tandis 
qu’elle l’est chez les témoins non traités et les témoins recevant du bicar- 
bonate. (Les différences entre les divers groupes, au froid, ne sont pas 
significatives. Voir expérience de 72 heures.) 


Sur six autres groupes d’animaux de méme poids, nous avons répété la 
méme expérience mais en la prolongeant d’une journée (soit trois jours: 
Tableau IX). 

Comme le montre le Tableau IX, aprés trois jours de traitement, l’ascorbate 
n’a plus d’effet sur la pression des rats maintenus 4 température normale; 
au froid, la baisse de pression qui était de 22.3 mm. Hg aprés 48 heures n’est 
plus que de 8.5 mm. Hg aprés 72 heures. 

Chez les traités au bicarbonate comme chez les témoins non traités, la 
pression demeure normale a la température du laboratoire, tandis qu’elle 
baisse au froid, un peu moins toutefois qu’aprés 48 heures. 

Si l’on compare les groupes au froid par rapport a leurs témoins a tempéra- 
ture normale, on constate que chez les traités 4 l’ascorbate; la pression ne 
baisse que de 8 mm. de Hg (baisse peu significative) alors que chez les traités 
au bicarbonate elle baisse de 17.7 mm. Hg; finalement chez les non traités 
elle baisse de 26 mm. Hg. (Les deux derniers résultats étant hautement signi- 
ficatifs, de méme que les différences entre les divers groupes au froid.) 

En résumé, comme en fait foi la figure 2, l’ascorbate de sodium semble 
prévenir l’hypotension caractéristique du shock; en effet, si l’on exprime en 
pourcentage les variations de la pression systolique chez les rats exposés au 
froid par rapport a celle des témoins gardés 4 température normale, on constate 
que chez les traités 4 l’ascorbate, la pression systolique varie trés peu tandis 
que chez les traités au bicarbonate et chez les témoins non traités il se produit 
une baisse de pression marquée. 


Acide Ascorbique et Hypertension 


Dans une troisi¢me expérience, nous avons cherché a savoir si l’acide ascor- 
bique pouvait abaisser la pression des animaux rendus hypertensifs par une 
exposition prolongée a un stress tel qu’un froid de —2 4 0° C. 
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TABLEAU IX 


ExpERIENCE DE 72 HEURES 














Poids elds Pression Pression 

initial, final, Apa Diff. t Traitement 
initiale finale 

gts grs 
Diff. entre ascorbate temp. normale et ascorbate froid: 8.0 (t = 2.5) 

213.8 217.8 107.6 + 1.0° 107.1 + 2.0 —- 0.5 0.2 Ascorbate de sodium 
(131) ** (24) Température normale 

213.6 201.0 107.6 + 1.0 9.1 + 2.4 — 8.5 3.2 Ascorbate de sodium 
(131) (24) Froid 





Diff. entre bicarbonate temp. normale et bicarbonate froid: —17.7 (t = 4.4) 








211.3 216.3 107.6 + 1.0 109.6 + 1.8 + 2.0 1.0 Bicarbonate de sodium 
(131) (27) Température normale 

213.0 199.4 107.6 + 1.0 91.9 + 3.6 —15.7 4.7 Bicarbonate de sodium 
(131) (20) Froid 




















Diff. entre témoins temp. normale et témoins froid: —26.0(t = 10.0) 








213.5 222.7 107.6 + 1.0 112.6 + 0.6 + 5.0 4.5 Témoins 
(131) (23) Température normale 
213.2 203.9 107.6 + 1.0 86.6 + 2.6 —21.0 7.7 Témoins 
(131) (23) Froid 
* Ecart type. 


** Nombre d’ animaux. 


Nous avons donc placé dans une chambre froide, 32 rats pesant en moyenne 
295 grammes; 16 de ces rats recevaient une solution de NaCl 4 1% ad libitum, 
tandis que les 16 autres recevaient de l’eau de boisson. 
avaient évidemment leurs témoins 4 température normale. 


Au début, la pression normale de ces 64 rats était de 87.7 mm. de Hg. 


Ces deux groupes 
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Fic. 2. Variations de la pression systolique chez des rats exposés au froid par rapport a 
leurs témoins a la température normale. 
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Aprés un mois d’exposition au froid, voici quelle était la pression moyenne 
de chaque groupe de rats (Tableau X): 











TABLEAU X 
Température normale Froid 
Pression Pression Pression Pression . 
Kele-oe ; : Bee ae . . Diff. t 
initiale apres 1 mois initiale aprés 1 mois 





(16) (16) 


NaCl 1% | 86.3 + 3.1 | 84.4 + 3.0] 85.8 + 5.5] 115 + 7.7] 429.2 2.2 
(16) (16) 1 


Non traités | 88.7 + 3.3*) 85 + 3.4] 90.6 + 2.2] 108 + 6.6] +17.4] 2.5 
(16) (16) 























* Ecart type. 


Au froid, parmi les 16 non traités quatre manifestaient une augmentation 
de pression d’environ 58%, tandis que parmi les 16 buvant du NaCl a 1%, six 
montraient une augmentation de pression d’environ 54%. 


Nous avons alors partagé ces 10 rats en deux groupes de cinq: au premier 
groupe nous avons donné 150 mg. d’acide ascorbique en trois injections intra- 
péritonéales de 50 mg. chacune 4a toute les quatre heures; au deuxiéme groupe 
nous avons injecté du bicarbonate de sodium suivant le méme protocole. 


Comme le montre la figure 3, dés une heure aprés la premiére injection, la 
pression moyenne des cing rats ayant recu de l’acide ascorbique baisse de 
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Fic. 3. Effets de l’acide ascorbique sur la pression systolique au froid (de —2° a 0° C.) 
———_—— Ascorbate. —— —— —— Bicarbonate. 
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130 mm. de Hg 4 103 mm. Hg soit une chute de 26% tandis que ceux recevant 
du bicarbonate voient leur pression monter de 124 4 132 mm. de Hg, soit une 
élévation d’environ 7%. 

On peut également constater que 65 heures aprés la premiére injection, 
l’effet des 150 mg. d’acide ascorbique se fait encore sentir alors que la pression 
des témoins ayant regu du bicarbonate se maintient toujours élevée. 


Aprés trois jours et neuf heures la pression moyenne des cing rats traités 
a l’acide ascorbique étant de 114 mm. Hg nous avons alors donné a ces animaux 
une nouvelle injection de 50 mg. d’acide ascorbique et, une heure aprés, nous 
constations que la pression était descendue 4 82 mm. de Hg soit la pression 
enregistrée au début de l’expérience. 

Cette derniére expérience, que nous considérons comme préliminaire, étant 
donné le nombre restreint d’animaux employés, semble cependant indiquer 
que l’acide ascorbique abaisse l’hypertension provoquée par une exposition 
prolongée a un froid de —2° C. , 


Résumé et Conclusions 


Deux de nous ont déja montré, dans une communication récente, que l’acide 
ascorbique, a fortes doses, empéche |’hypertrophie de la surrénale chez le rat 
et le cobaye exposés au froid, tout en augmentant leur résistance aux mémes 
conditions défavorables (4); cette observation a entrainé toute une série de 
recherches connexes destinées 4 faire connaitre les effets de l’acide ascorbique, 
dans les conditions déja précisées, sur les phénoménes physiologiques et 
pathologiques normalement associés a l’hypertrophie de la surrénale. C’est 
ainsi qu’on a pu constater, qu’au froid, l’acide ascorbique: 

(1) inhibe partiellement l’atrophie du thymus qui est trés marquée chez les 
témoins; 

(2) accélére l’apparition de l’hypertrophie de la thyroide, alors que les 
témoins montrent au méme moment |’atrophie qu’on rencontre habituellement 
aux premiers stages de l’exposition au froid; 


(3) cause une augmentation du poids de la rate, contrairement a ce qui arrive 
chez les témoins qui montrent une diminution; 


(4) diminue la concentration d’histamine dans les surrénales et les reins: 
(5) cause une diminution plus rapide du cholestérol des surrénales; 


(6) diminue de fagon trés significative l’hypotension caractéristique des 
premiétres heures ou des premiers jours (suivant les conditions) d’exposition 
au froid. 


Ainsi, en tenant compte des résultats antérieurs obtenus sur les surrénales 
et des résultats du présent mémoire, traitant des variables normalement 
associées a l’hypertrophie de la surrénale, nous pouvons considérer que la 
physiologie des animaux exposés au froid semble adaptée d’avance, grace a 
l’acide ascorbique, aux exigences imposées par leur nouveau mode de vie: 
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“stress’’ normalement causé par le froid diminue grandement et est méme 


complétement aboli, dans certains cas, par l’acide ascorbique administré a 
doses massives. 


Uke Whe 
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L’ACTION ANEMIANTE DE DEUX ANTAGONISTES DE LA 
LYSINE: L’HEXAHOMOSERINE ET L’ACIDE 
a-AMINOADIPIQUE! 


EpouarRD PaG£, ROSAIRE GINGRAS, ET ROGER GAUDRY 


Abstract 


The addition of hexahomoserine (a-amino-¢-hydroxycaproic acid) to complete 
rations produces growth inhibition, anemia, and a considerable rise in blood 
plasma amino nitrogen in the rat. Simultaneous administration of lysine 
prevents the anemia and partially restores growth but does not affect the amino 
nitrogen level in the plasma. These effects of hexahomoserine and the 
antagonistic action of lysine are even more striking in animals previously 
depleted of lysine. Aminoadipic acid cannot replace lysine in the ration and it 
produces anemia in lysine-depleted rats. Its action is also counteracted by 
lysine. Liver concentrates and folic acid are ineffective in the prevention of 
the anemia caused by hexahomoserine. 


Introduction 


Ces expériences portent sur deux composés présentant avec la lysine 
une parenté chimique étroite: l’acide a-amino-e-hydroxycaproique (hexa- 
homosérine) et l’acide a@-aminoadipique. Nous avons déja rapporté que 
l’hexahomosérine ne peut remplacer la lysine chez le rat (5) et que l’addition 
de ce composé a une ration compléte provoque l’anémie chez ce méme animal 
(7). Nous avons plus tard constaté que l’acide aminoadipique ne peut 
remplacer la lysine chez le rat (8) et ceci vient d’étre confirmé par Geiger 
et Dunn (3). 


Borsook et ses collaborateurs (1) avaient antérieurement démontré que 
l’acide aminoadipique est un dérivé biologique de la lysine. Enfin, l’on sait 
depuis les travaux de Osborne et Mendel (6), en 1914, que la lysine est un 
acide aminé essentiel et Gillespie, Neuberger et Webster (4) ont observé en 
1945 qu’une carence prolongée en ce composé provoque l’anémie chez le rat. 


Protocole Expérimental et Méthodes 


La ration de base utilisée est celle qui est indiquée au Tableau I, sauf 
lorsque les rats furent soumis 4 un régime dépourvu de lysine. La caséine 
fut alors remplacée par 17.4% de zéine et 0.6% de DL-tryptophane. 
L’addition d’acides aminés ou de foie fut faite aux dépens du saccharose. 


Les sels minéraux étaient constitués du mélange U.S.P. XII, No. 2, auquel 
nous avions ajouté les sels suivants: sulfate de cuivre pentahydraté, 0.3; 
sulphate de manganése tétrahydraté, 5.0; iodure de potassium, 0.7; et 
chlorure de zinc, 0.2 gramme par kilogramme du mélange. Les rats recurent 
en plus, par voie orale, un supplément hebdomadaire de vitamines A, D et E. 


1 Manuscrit regu le 20 juillet 1949, 


Contribution du Département de Biochimie, Faculté de Médecine, Université Laval, 
ec. 
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TABLEAU I 
COMPOSITION DU REGIME DE BASE 


(par 100 grammes de ration) 








Groupe témoin 





_ 


Caséine purifiée (Vitamin test, GBI) 
Cellulose (Cellu-flour) 

Sels minéraux 

Huile Mazola 

Saccharose 

Chlorhydrate de thiamine 
Riboflavine 

Chlorhydrate de pyridoxine 
Pantothénate de calcium 
Acide nicotinique 
2-Méthyl-1,4-naphtoquinone 
Inosite 

Chlorure de choline 


~ 
COCOUWSCOCOFrUFN® 
ocooroouun, 


— 
ve 








L’hémoglobine fut déterminée au moyen du dosage spectrophotométrique 
de I’hématine acide et l’azote aminé libre du plasma par la méthode colori- 
métrique de Frame (2). Les prises de sang furent faites par section de la 
queue pour les énumérations globulaires et la mesure de l’hémoglobine; dans 
la veine jugulaire, pour le dosage de |’azote aminé. 


Des jeunes rats albinos mfles furent utilisés dans tous les cas. 


Résultats 


(1) Action anémiante de l’ hexahomosérine 
Deux groupes de rats furent utilisés, l’un recevant la ration de base et l’autre, 
cette méme ration additionnée de 0.75% d’hexahomosérine. Au bout de 
14 jours, nous obtenions les résultats indiqués au Tableau II. II est évident 
que ce composé inhibe la croissance et provoque une anémie. 
TABLEAU II 
ACTION ANEMIANTE DE L’HEXAHOMOSERINE 


(Durée de l’expérience: 14 jours) 











ae Hexahomosérine 
Témoins (0. 75%) 
Nombre de rats 10 23 
Poids initial moyen (g.) 54 53 
Gains de poids (g.) 43 +#3.42* 14 + 2.25 
Hémoglobine (g./100 ml.), taux final 11.4 + 0.24 8.9-+ 0.41 
Globules rouges (millions/mm), taux final 8.0 + 0.46 5.5 + 0.26 











* Erreur standard. 
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(2) Les vitamines du complexe B et l’hexahomosérine 

Afin de savoir si certaines vitamines du complexe B (autres que celles déja 
incluses dans le régime) étaient susceptibles de prévenir cette anémie, nous 
avons administré l’hexahomosérine en méme temps qu’un concentré de foie 
(Fraction “L’’). Trois groupes de rats furent utilisés, le premier recevant 
une ration de base, le deuxiéme, cette ration additionnée de 1.5% d’hexa- 
homosérine, et le troisitme groupe recevant a la fois 1.5% d’hexahomosérine 
et 2% de foie. Tel qu’on peut le constater au Tableau III, l’addition de foie 
ne modifie en rien les effets toxiques de l’hexahomosérine. 


TABLEAU III 
CONCENTRE DE FOIE ET ACTION ANEMIANTE DE L’HEXAHOMOSERINE 


(Durée de l’expérience: 14 jours) 














: ee ee ee Hexahomosérine 
Témoins ; ‘dd 5%) (1.5%) et foie 
oe (2%) 
Nombre de rats 10 20 10 
Poids initial moyen (g.) 57 57 57 
Gains de poids (g.) 6S + 2.07 20 +1.28 19 + 2.38 
Hémoglobine (g./100 ml.) 
Taux initial 9.8 + 0.34 9.9 + 0.23 10.1 + 0.30 
Taux final 12.2 + 0.13 9.3 + 0.30 9.1 + 0.31 
Globules rouges (millions/mm*), 
taux final 6.3.4 0.17 5.4 + O.15 5.5 +0.2 














A cause de l’importance de |’acide folique dans le traitement de certains 
types d’anémie, nous avons ensuite réparti les rats du troisiéme groupe en 
deux sous-groupes au bout de deux semaines, alors que le concentré de foie 
s’était déja avéré inefficace (Tableau III). Nous avons remplacé ce dernier 
par 2.0 mg. d’acide folique par 100 grammes de ration dans un cas, tandis 
que l'autre sous-groupe recevait la ration contenant l’hexahomosérine sans 
supplément vitaminique. Deux semaines plus tard, les rats étaient de plus 
en plus anémiés et cela, indépendamment de la teneur du régime en acide 
folique (Tableau IV). 

Des résultats de ces deux expériences, il semble logique de conclure que les 
vitamines du complexe B n’affectent en rien les propriétés toxiques de 
l’hexahomosérine. 


(3) La lysine et ’hexahomosérine 


Les similarités de structure qui existent entre la lysine et l’hexahomosérine 
permettaient, par ailleurs, de soupconner la possibilité d’un antagonisme 
biologique entre ces deux composés. II importait donc d’étudier |’effet d’un 
excés de lysine dans la ration, sur le décours de l|’anémie normalement pro- 
voquée par l’hexahomosérine. Cependant, nous avons d’abord cru bon de 
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TABLEAU IV 
ACIDE FOLIQUE ET ACTION ANEMIANTE DE L’HEXAHOMOSERINE 


(Durée de l’expérience: 15 jours) 




















a 2 Hexahomosérine 
; ; (1.5%) et acide 
(1.5%) folique (2.0 mg. %) 
f Nombre de rats 5 5 
Poids initial moyen (g.) 75 76 
: Gains de poids (g.) 16 + 4.35 10 + 5.38 
Hémoglobine (g./100 mil.) 
Taux initial 9.2 +0.3 9.0 + 0.48 
Taux final o.4 £ ESE 6.0 + 1.08 
Globules rouges (millions/mm?) 
Taux initial 5.7 + 0.31 5.3 + 0.20 
Taux final 4.1 + 0.96 3.6 + 0.52 





nous assurer que l’addition d’un fort pourcentage de DL-lysine au régime ne 
modifiait pas la formule sanguine et n’avait pas non plus d’effet toxique. 
' A cette fin, deux groupes de rats furent utilisés. L’un recut la ration de base 
ordinaire et l’autre, cette méme ration additionnée de 4% de DL-lysine. 
Comme on peut le voir au Tableau V, ce supplément n’affecte ni la croissance, 
ni les taux sanguins d’hémoglobine et de globules rouges. 


TABLEAU V 
ADDITION DE DL-LysiINnE A UN REGIME COMPLET 


(Durée de l’expérience: 20 jours) 











Témoins DL-lysine (4%) 
Nombre de rats 5 6 
Poids initial moyen (g.) 78 77 
Gains de poids (g.) S32. 3.77 3s. o£ 3. 
Hémoglobine, taux final (g./100 ml.) 14.0 + 0.36 14.6 + 0.39 
Globules rouges, taux final (millions/mm?) 8.71 + 0.52 8.55 + 0.61 











L’étape suivante consista 4 donner 4 un groupe de rats 1% d’hexahomosérine 
et 6% de DL-lysine, tandis que deux autres groupes servaient de témoins, 
l’un étant a la ration de base et l’autre recevant 1% d’hexahomosérine sans 
supplément. Les résultats de cette expérience sont indiqués au Tableau VI. 
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TABLEAU VI 
LYSINE ET ACTION ANEMIANTE DE L’HEXAHOMOSERINE 


(Durée de l’expérience: 54 jours) 











a2 Hexahomosérine 
Témoins “<< in (1%) DL-lysine 
() 
Nombre de rats 10 10 10 
Poids initial moyen (g.) 53 53 53 
Gains de poids (g.) 189 +7.73 68 + 8.28 115 + 6.18 
Hémoglobine (g./100 ml.) 
Taux initial 11.1 + 0.37 11.2 + 0.50 11.4 + 0.31 
Taux a 31 jours 13.2 + 0.44 11.4 + 0.66 13.5 + 0.32 
Taux a 53 jours 14.6 + 0.38 12.6 + 0.47 14.2 + 0.27 
Globules rouges (millions/mm?) 
Taux initial 6.2 + 0.10 6.4 + 0.23 6.2 + 0.22 
Taux a 31 jours 8.3 + 0.33 6.7 + 0.40 8.3 + 0.34 
Taux a 53 jours 9.4+0.31 7.1 + 0.57 8.9 + 0.44 
Volume des globules rouges (%) — 49 + 1.34 52 +0.91 
Azote aminé (mg./100 ml. de 
plasma), taux final 9.8 + 0.40 17.6 + 0.90 20.5 + 0.70 














Il ressort de cette expérience que chez le rat recevant de |’hexahomosérine, 
l’addition simultanée de DL-lysine prévient l’anémie et rétablit partiellement 
le taux de croissance 4 son niveau normal. II semble de plus que |’hexahomo- 
sérine inhibe la croissance non seulement en tant qu’antagoniste de la lysine, 
mais aussi en se maintenant a un taux élevé dans le milieu intérieur, ce qui 
doit affecter défavorablement la concentration cellulaire des autres acides 
aminés. 


_ Tl est évident que le supplément de DL-lysine n’abaisse pas la teneur du 
plasma en azote aminé; ceci n’a rien d’étonnant si l’hexahomosérine, bien 
que toxique, est réabsorbée au niveau du rein avec la méme efficacité que les 
autres acides a-aminés. 


Nous avons de plus confirmé cet antagonisme entre la lysine et l"hexahomo- 
sérine chez des rats préalablement carencés en lysine. A cette fin, 40 rats 
furent soumis durant 43 jours 4 un régime dépourvu de lysine (régime zéine- 
tryptophane). Les rats furent ensuite répartis en quatre groupes égaux 
comme suit: Groupe I: ration de base sans lysine; Groupe II: ration de 
base et 1% d’hexahomosérine; Groupe III: ration de base, 1% d’hexahomo- 
sérine et 1% de /-lysine; Groupe IV: ration de base et 1% de /-lysine. Quatre 
des dix rats du Groupe II moururent avant la fin de l’expérience et les résultats 
indiqués au Tableau VII et a la Fig. 1 ne tiennent compte que des survivants. 











Seer 
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TABLEAU VII 


EFFET DE LA LYSINE SUR L’ACTION ANEMIANTE DE L’HEXAHOMOSERINE CHEZ 
LE RAT PREALABLEMENT CARENCE EN LYSINE 


(Durée de l’expérience: 21 jours) 











me een 


























Hexahomo- 
Ration de base ema net en) sérine (1%) | Lysine (1%) 
3 lysine (1%) 
Nombre de rats i0 6 10 10 
Changements de poids (g.) —7+0.96| — 1441.87] +1443.16] +42 + 2.42 
Hémoglobine (g./100 ml.) 
Taux inital 11.9 + 0.18 11.9 + 0.21 11.9 + 0.21 11.9 + 0.18 
Taux final 12.2 + 0.06 7.5 + 0.94 13.2 + 0.28 13.8 + 0.25 
Globules rouges 
(millions/mm‘) 
Taux initial 7.9 + 0.23 8.1 + 0.37 7.8 + 0.28 7.9 + 0.21 
Taux final 7.8 + 0.20 4.9 + 0.64 8.5 + 0.28 9.1 + 0.37 
(@) 
l4F- L 
Hemoglobine (w)| Globules rouges 
. (goo em2) ul (Millions/mm?) 1 

















10 
9 
8 4+ 
é 4 1 1 i — ' i rt 4. ef 
5 10 1S Zo jours 5 10 15 20 jours 
Fic. 1. Effet de la lysine sur l'action anémiante de I’ hexahomosérine chez le rat préalable- 


ment carencé en lysine. 


L’analyse statistique révéle qu’il n’existe pas de différence significative 
entre les deux groupes recevant de la lysine (avec ou sans hexahomosérine) 
au terme de l’expérience, en ce qui concerne les taux sanguins d’hémoglobine 
et de globules rouges. Par contre, les rats intoxiqués 4 |’hexahomosérine 
(Groupe II) sont trés anémiés. Ces résultats nous semblent confirmer 
l’existence d’un antagonisme entre |’hexahomosérine et la lysine. 
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(4) Particularités de l’action anémiante de l’acide aminoadipique 


Ces travaux étaient en cours alors que Borsook et ses collaborateurs (1) 
annongaient que l’acide aminoadipique est un dérivé biologique de la lysine. 
La question se posait a savoir si ce composé est un antagoniste de |’hexa- 
homosérine ou s'il posséde lui-méme des propriétés anémiantes. Dans une 
premi¢re expérience, l’acide aminoadipique fut simplement ajouté a une ration 
de base au taux de 1.5% du régime, tandis qu’un autre groupe de rats servait 
de témoins et qu’un troisiéme recevait 1.5% d’hexahomosérine dans son 
régime. Au bout de 16 jours, nous observions les résultats rapportés au 
Tableau VIII. 

TABLEAU VIII 


ADDITION D’ACIDE AMINOADIPIQUE A UN REGIME COMPLET 


(Durée de l’expérience: 16 jours) 








The _ Acide | Hexahomosérine 
Témoins aminoadipique 1.5% 
1 5 Oo. ( in 7o) 
(1.5%) 








Nombre de rats 


a 
a 
a 


Poids initial moyen (g.) 95 93 91 
Gains de poids (g.) 64 + 3.11 53 + 3.50 5 + 5.45 
Hémoglobine (g./100 ml.) 
Taux initial 10.0 + 0.34 10.4 + 0.44 10.9 + 0.21 
Taux final 12.6 + 0.36 13.0 + 0.39 10.4 + 0.51 
Globules rouges (millions/mm*) 
Taux initial 6.6 + 0.52 6.7 + 0.24 6.7 + 0.29 
Taux final 1.4 + 0.4 7.8 + 0.40 6.1 + 0.31 
Azote aminé du plasma (mg./100 ml.)| 10.9 + 0.42 10.6 + 1.61 21.8 + 1.20 














Dans les conditions de l’expérience, l’acide aminoadipique n’eut aucun effet 
déprimant sur les taux sanguins d’hémoglobine et de globules rouges. II 
semble aussi qu'il ne se produit pas d’accumulation de ce composé dans 
lorganisme, le taux d’azote aminé du plasma sanguin étant normal. L’acide 
aminoadipique eut un effet cathartique, ce qui explique peut-¢tre les légéres 
différences observées dans les taux de croissance. Enfin, les rats a |’hexa- 
homosérine sont anémiés, ont un taux élevé d’azote aminé dans le plasma et 
un taux de croissance a peu prés nul, ce qui confirme nos résultats antérieurs. 

Il semblait non moins intéressant de rechercher si l’acide aminoadipique 
exercerait une action antagoniste vis-a-vis de l’hexahomosérine. Un petit 
nombre d’animaux furent donc carencés en lysine de la fagon décrite précé- 
demment. Au bout de 36 jours, les rats furent répartis en quatre groupes 
comme suit: Groupe I (quatre rats): 1% d’hexahomosérine; Groupe II (quatre 
rats): 2% d’acide aminoadipique; Groupe III (cing rats): 1% d’hexahomo- 
sérine et 2% d’acide aminoadipique; Groupe IV (cing rats): 2% de DL-lysine, 











sora renee 
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2% d’acide aminoadipique et 1% d’hexahomosérine. Ces divers suppléments 
furent ajoutés a la ration de base dépourvue de lysine. Deux rats du Groupe 
III moururent en cours d’expérience. Les résultats cbtenus sont illustrés a 
la Fig. 2. Notons tout d’abord que l’acide aminoadipique. ne peut remplacer 





(3) Hemoglobine Changements 
mf (goo cm.3) Globules rouges de poids (g) 
(*)!  (Millions/mm?) 























= -----25 
“S} — + HHS 
AAA 1 AAT. 
HHS “10 - WHS 
WHS 
or +Aaaa 715} 
8F St 
TF 4r 
4 i 4 : m' 4 4 afte 4 4 
5 10 15 jours 5 to 15 jours 5 10 15 jours 


Fic. 2. Action anémiante de l’acide a-aminoadipique (au taux de 2%) chez le rat 
préalablement carencé en lysine et effet antagoniste de la lysine. 


la lysine chez le rat et n’est pas non plus un antagoniste de l’hexahomosérine. 
Bien plus, ce composé semble exercer une action anémiante en tous points 
comparable a celle de l"hexahomosérine. Enfin, la lysine semble antagoniser 
a la fois ces deux composés. 

Nous avons donc repris cette expérience avec un plus grand nombre de 
rats et en ayant soin, cette fois, d’inclure un groupe témoin a la ration de 
base (sans lysine). La période de carence en lysine fut de 41 jours. Quatre 
groupes furent alors composés comme suit: Groupe I: ration de base (sans 
lysine); Groupe II: ration de base et 1% d’acide aminoadipique; Groupe III: 
ration de base et 1% d’hexahomosérine; Groupe IV: ration de base, 2% de 
DL-lysine et 1% d’acide aminoadipique. Un rat du Groupe II et cing rats 
du Groupe III moururent en cours d’expérience. La Fig. 3 illustre les change- 
ments progressifs dans les taux d’hémoglobine et le nombre de globules rouges 
de ces quatre groupes. On trouvera au Tableau IX les valeurs finales pour 
ces mémes groupes. 

Le groupe 4a l’acide aminoadipique est plus anémié que celui simplement 
dépourvu de lysine (témoins) et les différences sont significatives en ce qui 
concerne le taux d’hémoglobine et le volume des globules rouges (¢ = 2.50 
et 3.23 respectivement), mais non quant au nombre de globules rouges 
(t = 1.74). Tlest clair que les rats recevant l’hexahomosérine sont beaucoup 
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plus anémiés. Cette fois-ci, l’action anémiante de l’acide aminoadipique 
n’est pas superposable a celle de |’hexahomosérine, mais il faut noter que 
la ration ne contenait que 1% d’acide aminoadipique comparativement 4 2% 
au cours de l’expérience précédente. Enfin, la lysine prévient encore une 
fois les effets anémiants de l’acide aminoadipique. 
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Fic. 3. Action anémiante de l'acide a-aminoadipique (au taux de 1%) chez le rat 
préalablement carencé en lysine et effet antagoniste de la lysine. 


TABLEAU IX 


LYSINE ET ACTION ANEMIANTE DE L’ACIDE AMINOADIPIQUE ET DE L’HEXAHOMOSERINE CHEZ 
LE RAT PREALABLEMENT CARENCE EN LYSINE 


(Durée de l’expérience: 21 jours) 











Acide Hexahomo- DL-lysine 
2 Témoins aminoadipique sérine (2%), acide 
1%) (1%) AAA (1%) 
Nombre initial de rats 8 9 8 9 
Nombre de survivants 8 8 3 9 
Hémoglobine (g./100 ml.), 
taux final 11.8 + 0.47 | 10.2 + 0.41 6.9 13.3 + 0.44 
Globules rouges ’ 
(millions/mm?), taux final 8.2 + 0.27 7.3 + 0.45 4.2 9.3 + 0.28 
Volume des globules rouges 
(%), taux final 51 +1.48 | 43 + 2.03 28 SS £1.36 
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Discussion et Conclusions 


Il est intéressant de noter que l’acide aminoadipique n’est pas anémiant 
lorsque la ration contient une quantité adéquate de lysine (18% de caséine 
dans la ration); ce composé a peu d’effet chez le rat carencé en lysine lorsqu’on 
l'inclut au taux de 1% du régime, mais son action est trés nette dans les 
mémes conditions expérimentales au taux de 2%. Nous attribuons ceci au 
fait que l’acide aminoadipique ne s’accumule pas dans le sang (et les tissus) 
comme il arrive dans le cas de l’hexahomosérine. Quant a ce dernier composé, 
il est évident qu’a cause de sa rétention dans le sang, le rapport lysine: hexa- 
homosérine des tissus est bien différent de ce qu’il est dans la ration. L’index 
d’inhibition tel qu’observé dans le cas des microorganismes, et basé sur la 
composition du mélange nutritif, ne saurait donc servir de critére du 
phénoméne de l’antagonisme chez le mammifére si l’antagoniste (e.g. l’hexa- 
homosérine) est réabsorbé au niveau du rein et s’accumule dans le milieu 
intérieur alors que l’excés du composé naturel est constamment catabolisé. 


Les conclusions suivantes semblent donc s’imposer: 


(1) Dans les conditions expérimentales décrites plus haut, l’hexahomosérine 
et l’acide aminoadipique provoquent l’anémie chez le rat. Dans le cas de 
l’acide aminoadipique, cependant, l’anémie ne se produit que lorsque l’animal 
a été préalablement carencé en lysine. 


(2) L’addition d’un supplément de lysine a la ration prévient l’apparition 
de ces anémies. 


(3) Comme au surplus, d’autres auteurs ont démontré que la carence 
prolongée en lysine entraine elle aussi une anémie, il est probable que les 
deux composés sont de véritables antagonistes de la lysine. 


(4) En plus de son action anémiante et anti-lysine, l"hexahomosérine semble 
étre toxique du simple fait de son accumulation dans le milieu intérieur. 
Peut-étre la concentration cellulaire des autres acides aminés en est-elle 
affectée défavorablement. 
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EFFECTS OF ESERINE AND ACETYLCHOLINE ON THE 
RESPIRATORY CENTERS AND HYPOGLOSSAL 
NUCLEI 


By FREDERICK R. MILLER 


Abstract 


The floor of the fourth ventricle is exposed in the cat, decerebrated with the 
Sherrington Decerebrator. Eserine, 0.15 mgm. per kgm. body weight intraven- 
ously, induces extra respirations and tongue retractions, the latter at the same 
rate as, and slightly preceding, the ‘‘original”’ respirations. Tongue retractions are 
caused by irradiation from inspiratory centers to Ropestennl nuclei. Acetylcholine 
(ACh) concentrations of 1:5 X 107 to 1 : 10°, applied in a small rectangle of 
spot test paper to the floor of fourth ventricle, enhance respiratory and lingual 
effects; these concentrations of ACh or, occasionally, up to 1:5 X 10* often 
induce convulsive discharges from hypoglossal nuclei, as shown by powerful ton- 
gue contractions. Effects of eserine on respiration are not due to concurrent 
blood pressure changes, which are insignificant. Intravenous eserine and medul- 
lary ACh are believed to stimulate and facilitate various central synapses; both 
drugs stimulate the inspiratory centers. Medullary ACh excites particularly the 
eserinized synapses surrounding the motoneurones of the hypoglossal nuclei, thus 
inducing the convulsive discharges from these nuclei. Effects of eserine and 
ACh are abolished and precluded by intravenous atropine, results that are in 
harmony with those of several recent investigators. 


Introduction 


When acetylcholine (ACh) in extremely low concentrations is applied to 
the floor of the fourth ventricle of a decerebrated, eserinized cat, there results 
marked stimulation of the respiratory centers and hypoglossal nuclei. The 
concentrations of ACh employed varied from 1:5 X 107 to 1: 10° and the 
applications were made in small rectangles of spot test paper soaked in ACh 
dissolved in Ringer—Locke solution made up without sodium bicarbonate. 
The respirations are accelerated and the tongue shows first furrowing and then 
retraction, corresponding to each inspiration; later the tongue exhibits violent 
and extensive contractions, which are not related to the respirations. The 
violent contractions are the consequence of convulsive discharges from the 
XII nuclei and it was inferred that medullary ACh stimulates the synaptic 
endings surrounding the motoneurones of these nuclei (Miller (11) ). 


Respiratory changes and lingual contractions were recorded graphically and 
the results, with conclusions, formed the basis of several preliminary reports 
(Miller (12, 13, 14, 15) ). The present paper furnishes a detailed account of 
these experimental findings, together with their theoretical interpretations. 


Methods 


The cat was anesthetized with chloroform and ether; tracheotomy was 
performed and a cannula was tied into a vein, usually the external jugular, 


1 Manuscript received July 20, 1949, 


Contribution from the Department of Neurophysiology, University of Western Ontario, 
London, Ont. 
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occasionally the femoral; both carotids were ligated. Decerebration under 
deep anesthesia was by the Sherrington Decerebrator (20), the plane of 
midbrain transection lying sufficiently caudal to avoid the inconvenience of 
spontaneous limb movements; the median part of the cerebellum was then 
excised so as to expose the floor of the fourth ventricle. 

After recovery the animal was placed with thorax down on a special table. 
The flange of skull bone in front of the tentorium was fixed by screws in a 
semicircle of thick brass; this in turn was held at a suitable angle in the jaws 
of a heavy brass U, provided at its convex middle with a projecting rod; this 
latter was clamped to a stout, upright rod, secured to the table top. Thus 
the skull was held rigid and the medullary floor could be viewed from above, 
any exuding fluid being removed with small pledgets of absorbent cotton, 
prior to application of the ACh; this was applied in small rectangles of spot 
test paper, 2 mm. X 7 mm., pointed at one end, so as to fit the calamus 
scriptorius and cover the hypoglossal nuclei of both sides; the rectangles were 
soaked in ACh of the concentrations used and were applied carefully with fine 
forceps to the medullary floor. The Ringer—Locke solution used to dissolve 
the ACh was made up without sodium bicarbonate. 


To permit recording of the respirations the body was laid with one flank 
resting on the table top; limbs and tail were secured with string loops. Respir- 
ations were recorded by the pneumograph devised by Sherrington (16), a small 
serrefine on a swivel replacing the needle points to grip the skin of the chest 
at about the level of the 11th rib. The short arm of the pneumograph lever 
was connected by a thread to a crank lever, pulling against a light, coiled 
spring. With these arrangements inspiration was registered as an upward 
movement on the drum. 


To record the lingual movements, the tongue, which was fully exposed in 
this preparation, was drawn forwards and supported in the horizontal position 
by a small canvas sling, suspended by threads from a rod above; a small hook, 
pushed through the tongue tip, was connected by a thread to a crank lever like 
that used for the respirations. Retractions of the tongue were thus recorded 
as upward movements of the writing point. 


The floor of the fourth ventricle, as exposed in the above procedures, is 
shown in Fig. 1. The elongated hypoglossal nucleus lies just beneath the 
surface and very slightly lateral to the shallow groove, one on each side of the 
midline. This groove served as a useful landmark for exploration of the XII 
nucleus by unipolar faradization; the results are shown on the left side of 
Fig. 1. The close proximity of XII nucleus to medullary floor is shown in 
Fig. 11; thus the nucleus is accessible for direct stimulation by the ACh 
rectangles. 


Results 


Tongue Retractions Before the Use of Eserine and Acetylcholine 


After intravenous eserine and, more especially, after this drug and medullary 
ACh the tongue showed retraction with furrowing of its base; the reaction 
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preceded slightly each inspiration. It was important to determine whether 
the reaction occurred, even to a slight extent, before the use of the drugs. 


Brachium 

















Conjunetivum 
| 
\ Brachium 
pontis 
— = N.vii 
fhovts of = a i 
Deglutition | _"e Fovea inferior 
fu Nucleus dorselis 
Trewin 5 N.X 
tongue 


we kar 


Fic. 1. Floor of fourth ventricle of cat. X 2. Location of elongated XII nucleus is shown on 
right side, just lateral to shallow groove, marking limits of fasciculus longitudinalis medialis. 
Unipolar faradization along groove impinged on XII nucleus and yielded tongue responses 
shown on left. Faradization of fovea inferior yielded deglutition, probably from afferent taste 
and visceral fibers. Rectangles of spot test paper, caudal ends pointed, soaked in low concen- 
trations of ACh, were applied over area enclosed by interrupted lines and yielded results in 
following experiments. XII nucleus lies just below surface (Fig. 11) and is accessible for 
direct stimulation by ACh rectangles. 


Observations showed that this tongue reaction actually occurred at various 
stages of the preparation: sometimes, after tying the carotids, a tongue 
furrow occurred just prior to each inspiration; a similar effect was noted 
occasionally after decerebration and also after subsequent decerebellation. 
Sometimes, after decerebellation, tongue retraction was quite marked; it 
preceded slightly the corresponding inspiration and was caused partly by the 
furrow and partly by a generalized contraction of the tongue. Since the 
lingual furrow was accompanied by simultaneous elevation of the soft palate 
and dilatation of the faucial pillars it was clearly part of a reaction to facilitate 
the indrawing of air. Certain of the tongue muscles must, therefore, be 
regarded as accessory to those of respiration, a familiar example being afforded 
by the lingual movements of the panting dog; these tongue muscles are thus 
in the same category as those of the face, especially the dilatores naris. In 
consequence, potential synaptic pathways must be regarded as existing between 
the inspiratory centers and the hypoglossal nuclei. The slight precedence of 
the tongue retraction over the corresponding inspiration, just mentioned, is 
intelligible in view of the shorter conduction pathways from inspiratory centers 
to XII nuclei to tongue muscles, as compared to those from inspiratory centers 
to spinal motoneurones to intercostal muscles. The nature of the pathways 
concerned will be considered more fully under ‘‘Discussion”’. 
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Fic, 2. In all figures except Fig. 7 upper record, respirations, R; lower record, tongue 
movements. TR, tongue retractions. At signal 0.5 mgm. eserine into femoral vein. H, humps. 
ER, extra respirations. OR, original respirations. Letters have same meanings in all 
figures. Explanations of all figures in text. Time in all figures in 0.5 sec. 





Fic. 3. Just before this record a rectangle of spot test paper soaked in ACh 1 : 10° was 
applied to floor of fourth ventricle. At first signal ACh 1:5 X 10° was similarly applied. 
TRs slightly augmented. At second signal this application was repeated. TRs greatly 
augmented. At last signal ACh rectangle removed. 
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PLATE II 


Fic. 4. A. Just before this record 0.5 mgm. eserine intravenously. At signal rectangle 


with ACh 1:5 X 10* on medullary floor: tongue contractions. 
intravenously: tongue contractions abolished. 


B. At signal 3 mgm. atropine 
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Description of Records 


The following symbols are employed for brevity in descriptions of the 
records: oo 
D(s):  deglutition(s); 
ER(s): extra respiration(s) ; 
H(s): ‘‘hump(s)”’ on respiration (s); 
OR(s): original respiration(s) ; 
R(s):  respiration(s); 
TR(s): tongue retraction(s). 


The general effects of eserine and ACh on the respiratory centers and hypo- 
glossal nuclei will now be described. Figs. 2 to 4 illustrate the course of a 
typical experiment. The injection of 0.5 mgm. eserine into the femoral vein 
(Fig. 2) caused a quickening of the respirations and, in one minute, resulted 
in the appearance, at the beginning of inspiration, of a small ‘‘hump”’ (H); 
the humps then developed into extra respirations (ERs), which quickly came 
to exceed the original respirations (ORs) in amplitude; these latter declined 
for a time but became of briefer period than before eserine. Immediately 
after the appearance of the humps, tongue retractions (TRs) developed and 
rapidly augmented; each TR preceded slightly an original respiration (OR) 
and owed its production to the OR, that is, to the inducing discharge from the 
inspiratory center; this will be explained later. 


The ERs then declined to small waves; at the same time the ORs enlarged, 
while their periods remained brief; each TR still preceded slightly an OR 
(Fig. 2); this relationship was easily proved by inspection of the pneumograph 
and tongue levers. A spot test paper rectangle soaked in ACh of concentration 
1 : 10’ applied to the floor of the fourth ventricle then increased further the rate 
and amplitude of the Rs and likewise those of the TRs, which continued at 
exactly the same rate as the Rs (Fig. 3). A rectangle with ACh 1:5 X 10’ 
further quickened and augmented both Rs and TRs (Fig. 3), while a second 
application of ACh of the same concentration had the pronounced effect 
shown in Fig. 3: here in 29 sec. after the ACh application, the Hs reappeared, 
developing into ERs; the ERs increased, while the ORs became more rapid 
and larger. Closely corresponding to the appearance of the ERs the TRs 
augmented and continued at the quickened rate of the ORs. These effects 
of medullary ACh thus resembled, in a general way, those of intravenous 
eserine alone. 


The respiratory changes and TRs then subsided, the TRs disappearing 
first; slight TRs were, however, still visible, though not recorded by the lever; 
as before each corresponded to a respiration (Fig. 3). After subsidence of 
the TRs, ACh of concentrations from 1:5 X 107 to 1: 10° failed to restore 
them. The TRs were, however, promptly restored by 0.5 mgm. eserine 
intravenously, while concurrently the ERs recurred. The medullary applica- 
tion of ACh 1:5 X 10‘ now induced irregular contractions of the tongue 
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(Fig. 4 A); these quickly became convulsive, while, at the same time the Rs 


became highly irregular; then followed bursts of TRs with corresponding 
types of respirations. 


Atropine, 3 mgm. intravenously, at first enlarged the TRs, then abolished 
them; at the same time the atropine abolished the respiratory changes, 
inducing the large, regular respirations characteristic of this drug (Fig. 4 B). 
Following this atropinization 0.5 mgm. eserine intravenously and ACh 
1:5 X 10‘ on the medullary floor failed to yield TRs and did not induce the 
usual respiratory changes. Thus atropine annuls the effects of eserine-ACh 
and precludes the usual actions of these substances. 

The effects of the drugs are more evident in Figs. 5 and 6, in which a faster 
recording surface was used. Eight seconds after the injection of 0.5 mgm. 
eserine into the external jugular vein, humps (Hs) developed during expira- 
tions (Fig. 5 A); the humps changed into extra respirations (ERs), which soon 
came to exceed the original respirations (ORs) ; these latter decreased in ampli- 
tude and became of shorter period; these changes resulted in approximate 
doubling of the respiratory rate (Fig. 5 A). Tongue retractions (TRs) appeared 
immediately after the Hs and quickly augmented; observations of the levers 
indicated that each TR preceded slightly an OR and it seems likely that it 
was caused by overflow of the discharge from the inspiratory center; this will 
be explained under ‘‘Discussion”’. 


ACh 1: 5 X 10? applied to the medullary floor, intensified the respiratory 
effects and augmented the TRs, thus, as in the previous experiment, enhancing 
the effects of eserine (Fig. 5 B). The respiratory and lingual effects then 
declined in the reverse order of their development: thus the ERs declined, each 
again becoming a hump (H).on the expiratory descent; the ORs increased in 
extent, while remaining of brief period (Fig. 5 B, C). The TRs then declined, 
while still corresponding in rate to the ORs; finally the TRs became small 
oscillations at the same rate as the ORs (Fig. 5 C). Twenty-two minutes 
after intravenous eserine the ORs still showed the quickening and slight humps 
characteristic of the drugs; the corresponding TRs were then but slight 
oscillations (Fig. 5 C). 

A second intravenous injection of 0.5 mgm. eserine again yielded typical 
effects, manifested by quickening of the Rs with humps (Hs), which this time 
did not develop into ERs; again the development of large TRs coincided with 
that of the Hs (Fig. 6 A). The medullary application of ACh 1:5 X 10° 
then quickened and augmented the Rs, accentuating the Hs; correspondingly 
the TRs enlarged greatly, as usual maintaining the respiratory rate (Fig. 6 A). 
In this preparation direct stimulation of the XII nuclei, with convulsive 
discharges, did not result from the concentrations of ACh used and further 
applications of ACh were not made. Instead a test was made with intravenous 
atropine, 4 mgm., to determine its effect at this particular stage: it was 
observed to augment the Rs and eliminate the Hs; the TRs first declined and 
then, in correspondence to the large Rs, enlarged briefly; finally the TRs 























Fic. 5. A. At signal 0.5 mgm. eserine into external jugular vein. B. 20 sec. before this 
record rectangle with ACh 1:5 X 10° on medullary floor. C. TRs continued after ERs have 
disappeared. 














PLATE IV 





Fic. 6. A. Just before this record 0.5 mgm. eserine intravenously. 
with ACh 1:5 X 10° on medullary floor: augmentation of TRs. 
atropine intravenously: Rs augmented; Hs and TRs eliminated. B.D, postatropine degluti- 


Al first signal rectangle 
At second signal 4 mgm. 


tions. At signal last ACh rectangle off. Mech., mechanical stimulation of nucleus NII by 
paper rectangle. C. At first signal 0.5 mem. eserine intravenously: no effect. At second 
signal rectangle with ACh 1:5 XK 10° on medulla: typical action of ACh precluded by atropine. 
Vech., mechanical stimulation of XII nucleus by paper rectangle. D. Saline applied to ton- 
gue base induced deglutitions, D: reflex arcs for deglutition functional after atropine. 








PLATE V 





Fic. 7. Upper record, respirations, R; lower record, B.P. A. Before eserine. B. At 
signal 0.4 mgm. eserine intravenously (proportionate dose for this animal): amplitude of Rs 
increased. C. Hs developed and became ERs, Cardiac inhibition; slight fall of B.P. changing 
into rise. 











PLATE VI 





Fic. 8. A. Prior to record, 0.5 mgm. eserine intravenously. Rectangles with ACh 1:5 X 
10° applied three times to.medullary floor; also rectangle witht ACh 1: 10° applied once. At 
first signal rectangle with ACh 1:5 X 10° to medullary floor: convulsive tongue contractions 
with deglutitions. At second signal 4 mgm. atropine intravenously: convulsive contractions 
abolished. B.Rs regular. D, postatropine deglutitions. 
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disappeared (Fig. 6 A). There followed a series of deglutitions (Ds), which 
are usual after atropinization and appear to be characteristic of it (Fig. 6 B). 
Thereafter, intravenous eserine and medullary ACh 1:5 X 10° did not yield 


Hs nor other respiratory changes nor TRs (Fig. 6 C); these effects are thus 
precluded by atropine. 


Saline applied to the tongue now induced deglutition (Fig. 6 D), from which 
it may be concluded that atropine does not paralyze the arcs involved in the 
deglutition reflex; it merely removes the eserine~ACh influences. 


In order to exclude the possibility that a fall in blood pressure might contri- 
bute to the respiratory stimulation by eserine the effects of the usual dose of 
eserine were examined on respirations and blood pressure recorded simul- 
taneously (Fig. 7). In 13 sec. after 0.4 mgm. eserine intravenously (the pro- 
portionate dose for this animal) the amplitude of the respirations was increased 
and in one minute 10 sec. later respiratory humps (Hs) appeared and, at the 
same time, definite cardiac inhibition; a few seconds later the blood pressure, 
which was 122 mm. before eserine, fell to 110 mm.; thereafter it rose to 128 


mm. and then to 144 mm., coincidently with the development of extra respira- 
tions. 


Therefore, it is apparent that the respiratory stimulation cannot be attri- 
buted to the very slight fall in blood pressure, particularly since the fall is 
converted into a rise, corresponding to the development of the very large 
extra respirations, resulting in almost doubling of the pre-eserine rate of 
respirations. Thus, in agreement with Gesell and Hansen (8), we may 
conclude that eserine stimulates the respiratory centers directly. 


In the experiment illustrated in Figs. 5 and 6 the convulsive tongue activity 
did not develop from eserine—ACh as it did in the experiment shown in Figs. 
2to4. The tongue activity was shown, however, in an intense form in Fig. 8. 
Here, following the procedures indicated in the legend, the medullary applica- 
tion of ACh 1:5 X 10’ induced convulsive lingual activity; the convulsive 
contractions were very powerful, some of the movements recorded being 
probably deglutitions. At first the rate of the larger contractions corre- 
sponded roughly to that of the respirations but later the rate was much faster 
than that of the Rs and there was no correspondence between tongue con- 
tractions and Rs (Fig. 8 A). 


Atropine intravenously, 4 mgm., abolished the lingual convulsions and then 
induced the characteristic outbursts of deglutitions (Fig. 8 B). Concurrently, 
the respirations changed from those characteristic of eserine-ACh to the 
large, regular, slow excursions typical of atropine. It was noted also in this 
experiment that atropinization precluded any further action of eserine (0.5 
mgm.) or the medullary application of ACh 1:5 X 107 or 1: 10% That 
the XII nucleus had, however, retained its excitability was shown by the fact 
that mechanical stimulation of the nucleus with a paper rectangle or small 
brush induced extensive tongue contractions. 
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In Fig. 9 A and B records are shown from a preparation that was unusually 
sensitive to ACh. Eserine, 0.5 mgm., had induced the usual respiratory 
quickening with extra respirations and TRs. Then ACh 1:5 X 107 on the 
medullary floor augmented the ERs and in one and one-half minutes induced 
convulsive contractions of the entire tongue (Fig. 9 A). Later ACh 1: 107 
immediately induced respiratory changes and tongue contractions with 
spreading of the tip (Fig. 9 B). Atropine, 4 mgm., suppressed the convulsive 
lingual activity, including tip spreading; however, a few rather extensive TRs 
followed atropine, later to be succeeded by very slight TRs corresponding 


to the respirations; they were due to slight contractions at the tongue base and 
resisted further atropinization. 


It seems, therefore, that the neutralization of eserine-ACh by atropine is 
not always absolute, although it was noted that effects of eserine and ACh 
given subsequently were precluded. The usual postatropine deglutitions 
occurred, while the respirations became more regular. It was again observed 
that deglutition could be evoked by saline on the tongue, proving once more 
the integrity of the deglutition reflex arcs after atropine. 


As already stated, it was regularly observed that intravenous eserine has a 
profoundly stimulating action on the respiratory centers; advantage was 
taken of this property in a preparation that had ceased breathing after decere- 
‘bration and decerebellation. Respirations, which had been restored by 1.25 
mgm. eserine, were of the usual eserine type, showing humps or extra respira- 
tions; the tongue showed a marked furrow with synchronous retraction, both 
together corresponding to a respiration (Fig. 10). 


The dose of eserine, which was larger than usual, evidently resulted in very 
complete eserinization and rendered the responses to medullary ACh prompter 
and more intense: thus ACh 1:5 X 10’ evoked, in one and one-quarter 
minutes, convulsive tongue movements (Fig. 10 A); the same concentration 
applied a second time evoked in three-quarters of a minute more powerful 
movements (not shown in Fig. 10); a third similar application evoked in one 
minute 9 sec. still more powerful movements accompanied by deglutitions 
(Fig. 10 B). Atropine, 4 mgm., intravenously, abolished these large move- 
ments, leaving a few tongue retractions, which quickly subsided (Fig. 10 B); 
however, a much reduced furrow at the tongue base, corresponding to each 
respiration was visible and indicated again the persistence of some eserine— 
ACh effects after atropinization. Postatropine deglutitions occurred as usual; 
the respiratory humps and extra respirations disappeared, while the original 
respirations became deep and regular. 


Discussion 


As was explained in the ‘‘Introduction’’, this research was directed primarily 
to determine the effects of ACh when applied in low concentrations to the floor 
of the fourth ventricle in the eserinized, decerebrated cat. The following 
discussion will be rendered more intelligible by a short statement regarding 
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Fic.9. A. Prior to record, 0.5 mgm. eserine intravenously. At first signal rectangle with 
ACh 1:5 X 10° on medullary floor: ERs augmented, then convulsive contractions of entire 
tongue. At second signal AChoff. B. Between A and B rectangles with ACh 1:5 X 10° and 
1:5 X 10° on medullary floor, each of which induced tongue contractions. At first signal 
rectangle with ACh 1: 10° on medullary floor, which induced respiratory changes and con- 
vulsive contractions of entire longue, with repeated spreading of tip. Alt second signal 4 mgm. 
atropine intravenously: tongue convulsions suppressed; few TRs gradually decreasing. D, 
postatropine deglutitions. At third signal ACh off medulla. The tongue contractions in 
this experiment differed somewhat in character from those in other experiments: there was less 
retraction and more transverse and verlical contraction, with marked spreading of tongue lip. 
These movements, involving transverse and vertical intrinsic lingual muscle fibers, were less 
effective on the tongue lever, although very pronounced to visual inspection, 
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Fic. 10. A. Eserine, 1.25 »:eii. intravenously prior to record, had restored breathing. 
At first signal rectangle with ACh 1:5 X 107 on medullary floor: convulsive tongue contrac- 
tions, Mech., due lo mechanica? stimulation of XIT nucleus by application of rectangle. 
B, Rectangle with ACh 1:5 107 applied to medullary floor just prior to this record evoked, 
in one minute Y sec., more extensive convulsive tongue contractions, At signal during con- 
tractions 4 mgm. atropine intravenously: contractions suppressed; few TRs gradually decreas- 
ing. D, postatropine deglutitions. 
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the actions of eserine and ACh, which have been inferred from the results in 
this paper and earlier papers (Langley and Kato (9); Miller (10, 11, 12, 13, 14, 
15); Miller, Stavraky, and Woonton (17) ). 

There is a considerable degree of similarity between the effects of intra- 
venous eserine and of ACh when applied in low concentrations to the cerebral 
cortex and the floor of the fourth ventricle. It has been inferred that both 
drugs stimulate certain central synapses and facilitate conduction at these 
junctions. Preliminary eserinization was employed in all my experiments 
and, since the effects are striking, they will be considered first. It is known 
from the work of Worzniak and Gesell (21) that intravenous eserine induces 
hyperpnoea and that ACh on the medullary floor intensifies this effect; 
according to a verbal statement by Gesell, these effects are abolished by atro- 
pine. Detailed experiments by Gesell and Hansen (8) prove that eserine 
and ACh, the latter by intracarotid injection, stimulate the respiratory centers; 
also that the effects of both drugs are suppressed by atropine. 


With these basic results of Gesell and his collaborators, my own are in 
agreement; however, their observations were made in the dog, while mine 
were made in the decerebrate cat; also in my experiments the Sherrington 
pneumograph was used and a complete study was made of the responses of 
the hypoglossal nucleus, as evidenced by contractions of the tongue muscles. 
In general it may be regarded as established that eserine and ACh stimulate 
the respiratory centers and that both drugs are opposed by atropine. 


It is necessary first to discuss the effects of preliminary intravenous eserine 
and subsequently those resulting from the medullary application of ACh after 
eserinization. The observations recorded in this paper show that intravenous 
eserine in a dose of 0.15 mgm. per kgm. of body weight in the cat augments 
or accelerates the respirations; later “‘humps’’ (Hs) appear and develop into 
extra respirations (ERs). These changes cannot be attributed to the accom- 
panying fall in blood pressure, which is very slight and brief (Fig. 7), being 
converted into a rise, coincident with the appearance of extra respirations. 
Consequently it may be concluded that intravenous eserine exerts a direct 
stimulating action on the respiratory centers; this conclusion is in harmony 
with the inference of Gesell and Hansen that respiratory stimulation by 
eserine is due to direct central nervous action (8). 


Since the extra respirations induced by eserine are in reality extra inspira- 
tions it appears that the stimulating action of eserine is exerted on the inspir- 
atory centers, of both sides, described by Pitts, Magoun, and Ranson (18); 
each center is situated in the ventral reticular formation over the cephalic 
four-fifths of the inferior olive. In Fig. 11 the suggested modes of action of 
eserine and ACh are illustrated. It may be supposed that eserine exerts 
its stimulating effect by acting on synapses of the type of S.1, this being the 
termination of an axon of unspecified origin; thus excitation of tlie center 
would be initiated. 
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We may now consider the likelihood that eserine facilitates irradiation 
throughout the inspiratory center. The basis for this action is provided in 
the conclusion of Pitts e¢ al. (19) that the constituent neurones are connected 
together by extensive synapses, so that irradiation over the entire center 
readily occurs, when a small area is stimulated. Now, reasons have been 
given in a previous paper (10), as well as in the present paper, for believing 
that eserine facilitates synaptic transmission and this property would lead to 
irradiation of the initial eserine excitation within the inspiratory center, as 
illustrated in Fig. 11: here, inspiratory neurone I.N.1 is excited by eserine 
acting on synapse S.1; the excitation overflows through a facilitated pathway 
by a recurrent collateral (R.C.1) and an internuncial neurone to I.N. 2; thence 
by a similar facilitated pathway (R.C. 2) to I.N. 3; in each case the connecting 
synaptic pathway is facilitated by the eserine. Thus discharges of the three 
inspiratory neurones will be practically synchronized and this process will 
result in the sharp, snappy inspirations often seen in the records (OR, Fig. 9). 

This process of neuronal synchronization may lead to increased amplitude 
of the original respirations (ORs, Fig. 9); on the other hand, the interpolation 
of extra respirations (ERs), due to general excitation of the inspiratory 
neurones by eserine, may, «i times, reduce the amplitude of the ORs, although 
they are of very short period (Fig. 5). 

The extra respiration may be compared, in a general way, to the extra 
systole of the frog’s heart, as evoked by a stimulus following the refractory 
period. Regarding time relations, the ER may occur during expiration 
(Fig. 5) but it may occur also during inspiration (Fig. 2) and thus its precise 
relation to the respiratory cycle or to any possible refractory phase of that 
cycle has not yet been determined. In general, it appears that the extra 
respiration reflects the hyperexcitability of the inspiratory neurones under the 
influence of eserine, the extra inspiratory impulse being generated at a rela- 
tively excitable period of the respiratory cycle. 


The irradiation from the inspiratory centers to the XII nuclei, as induced 
by eserine, will next be considered. That eserine should create pathways for 
this irradiation seems improbable on general grounds; rather would eserine 
facilitate conduction over pre-existing pathways. Now it was pointed out 
under ‘‘Results’’ that a moderate amount of irradiation of this kind may occur 
normally (as in the panting dog) and without the use of eserine and that, 
therefore, potential pathways to subserve the irradiation process must be 
supposed to be present. Possible pathways are illustrated in Fig. 11: recurrent 
collaterals (R.C.3,4) from inspiratory neurones convey overflow inspiratory 
impulses through internuncials to the XII nuclei. Thus eserine merely 
intensifies conduction over such pathways, the prior existence of which must 
be assumed. 


It has already been explained how the inspiratory neurones are synchronized 
by eserine ; consequently the impulses over the various components of the above 
irradiation pathways will likewise be synchronized. Hence the motoneurones 
of both XII nuclei will be bombarded by these impulses until C.E.S. will 











MILLER: ESERINE AND ACETYLCHOLINE ON MEDULLARY CENTERS 383 


lead to a discharge in response to each excitatory volley; thus the discharges 
from the XII nuclei will occur at exactly the same rate as those from the 
inspiratory neurones proceeding to the inspiratory muscles. 

An additional element in causing the irradiation from the inspiratory 
centers to the XII nuclei is to be found in the property of eserine, already 
mentioned, of facilitating synaptic transmission. In this way conduction 
through the facilitated irradiation pathway (Fig. 11) will be rendered readier 
for the synchronized overflow impulses from the inspiratory neurones. 


It will be recalled that the tongue retraction (TR) precedes slightly the 
corresponding original respiration (OR), which is actually an inspiration and 
induces the TR by overflow. This slight precedence, which may be observed 
before the use of eserine, was explained under “‘Results’’, namely by the shorter 
conduction pathways from inspiratory centers to XII nuclei to tongue muscles 
as compared to those from inspiratory centers to spinal motoneurones to inter- 
costal muscles. This explanation is valid also after the use of eserine, only 
that in this latter case the irradiation process is much more intense. The 
muscles involved in the tongue retractions are the hyoglossi and styloglossi, 
together with the intrinsic longitudinal muscle fibers of the tongue. 

Consideration will now be given to the effects of applications of low concen- 
trations of ACh to the floor of the fourth ventricle, following preliminary 
eserinization. As described under ‘‘Results” these effects are: First to 
increase hyperpnoea and irradiation from inspiratory enters to XII nuclei; 
with respect to the hyperpnoeic effect, my results agree with those of Worzniak 
and Gesell (21), though they did not report the irradiation, nor did they men- 
tion the concentrations of ACh used. In my own experiments the above effects 
were secured by the application of ACh concentrations of 1:5 X 10’ to 
1: 10°. The hyperpnoea and irradiation to the XII nuclei, when induced 
by eserine, subside after a time; medullary ACh then often restores both 
reactions (Fig. 3); this duplication by ACh of the prior effects of eserine was 
observed repeatedly and indicates a similar mode of action of both substances; 
thus support is provided for a basic thesis of this work, namely that each sub- 
stance stimulates and facilitates certain central synapses. 


It must be supposed that ACh applied to the floor of the fourth ventricle 
diffuses ventrally through the more dorsally situated expiratory centers (18) 
to reach the inspiratory centers, which it stimulates; any possible effect 
of ACh on the expiratory centers during its course was not detected and, in 
any case, must be slight. In stimulating the inspiratory centers, ACh may 
be supposed, like eserine, to excite synapses of the type of S.1, Fig. 11; ACh 
would also facilitate synaptic transmission between the inspiratory neurones; 
finally it would facilitate synaptic transmission over the irradiation pathway 
to the XII nuclei (Fig. 11). These effects of medullary ACh thus reproduce, 
in general, those of intravenous eserine. 

The second response to medullary ACh is not evoked, in my experience, by 
intravenous eserine alone: following eserinization, medullary ACh, in con- 
centrations varying from 1 : 5 X 107to1: 5 X 10‘, frequently evokes powerful 
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discharges from the XII nuclei, as shown by the convulsive contractions 

of the lingual muscles; the effective concentration of ACh varies with the 

degree of preliminary eserinization and the susceptibility of the preparation | 

(Figs. 4, 8 A, 9, 10). | 
In explaining this powerful stimulation of the XII nucleus we may recall 

that ACh stimulates various central synapses. Now, Cajal has described 

pericellular plexuses around the neurones of the XII nucleus (3) and these | 

plexuses must be regarded as terminating in end feet on the neurones. Hence, 

it is logical to infer that ACh stimulates these synapses, thus evoking convulsive 

discharges of the XII nucleus, which in turn induce powerful contractions of 

the lingual muscles; thefsynapses involved are shown in Fig. 11. 
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Fic. 11. Section of medulla oblongata of cat, semidiagrammatic. Eserine and ACh 
stimulate inspiratory neurones by acting on synapse S.1, the termination of an axon of unspeci- 
fied origin. Inspiratory neurones, I.N.1, I.N.2, and I.N.3 are synchronized by recurrent 
collaterals R.C.1, R.C.2, and internuncials. Irradiation from inspiratory center to nucleus 
XII is effected through recurrent collaterals, R.C.3, R.C.4, and internuncials. ACh acting on 
synapses surrounding neurones of nucleus XII induces convulsive tongue contractions. Part 
of pathway for reflex deglutition is from tractus solitarius (Tract. solitar.) to nucleus XII. 


For further details see text. 


Quite comparable to the actions of ACh on the hypoglossal nucleus are 
those of this substance on the spinal motoneurones reported by Biilbring and 
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Burn (2). These workers used two separate blood perfusing systems, one for 
the lower spinal cord, the other for the muscles of the hind leg. Following 
eserinization 1 ugm. of ACh injected into the cord circulation was effective in 
evoking a series of contractions of the tibialis anterior; without eserinization 
a much larger dose of ACh was necessary for stimulation of the spinal moto- 
neurones. Biilbring and Burn found further that this spinal excitation by 
ACh is counteracted by atropine, just as is the excitation of the XII nucleus 
in my own experiments. 


Thus medullary ACh induces stimulation of the synapses around the 
motoneurones of the XII nucleus, a reaction that was not induced by intra- 
venous eserine alone. While admitting this divergence, it is concluded that 
both eserine and ACh stimulate various synapses and facilitate transmission 
at these junctions. 


The high degree of similarity between the actions of eserine and ACh leads 
one to infer that many of the actions of eserine are dependent on its anti- 
cholinesterase property, thus leading to the accumulation of ‘natural’? ACh, 
which may be regarded as the effective agent at the synapses. But whether, 
in addition, eserine exerts a specific synaptic action cannot be decided on the 
evidence at present available. 


It might appear that the effects of ACh described in this paper should be 
classed as ‘“‘muscarine’’ actions (Dale (4) ), since they are almost completely 
suppressed by atropine. However, Dale and Gaddum (7) showed that the 
“‘nicotine-like’’ response to ACh of an isolated strip of denervated diaphragm 
is precluded by atropine. Also Abdon (1) reported that the nicotine-like 
“quick contraction” of the rabbit’s gastrocnemius requires a large amount 
of ACh for its induction and likewise a large amount of atropine for its 
abolition. Thus it appears that the distinction between muscarine-like and 
nicotine-like effects of ACh is not absolute. However, since my own results 
were obtained with minute amounts of ACh and were suppressed with com- 
paratively small amounts of atropine (4 mgm. in a 3 kgm. cat) they show 
rather more affinity with the muscarine-like than with the nicotine-like 
actions of ACh. 


As just stated, Biilbring and Burn (2) established the antagonism of atropine 
towards eserine and ACh, when acting on spinal motoneurones. The same 
antagonism was emphasized, in the case of the respiratory center, by Gesell 
and Hansen (8), who wrote: 

“We are forced to believe, contrary to generally accepted opinion, that 
atropine is capable of exercising a powerful anti-acetylcholine and anti- 
eserine action in the nerve cells of the central nervous system. Our findings 
and those of Miller, Stavraky, and Woonton [17] corroborate those of Marrazzi 
in peripheral ganglia and make the observation general for all nerve cells’’. 


While the authors cited regard the stimulating actions of eserine and ACh 
as being exerted, in a general way, on the neurones, my own inferences lead 
me to believe that these substances stimulate and also facilitate the synaptic 
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junctions of these cells. The antagonism of atropine towards eserine and 
ACh, as recorded in the present paper, is in complete harmony with the 
findings of Biilbring and Burn and of Gesell and Hansen. 


It is well known that Dale (5) suggested that ACh might act as transmitter 
at certain central synapses. In a recent presentation (6) Dale reiterates this 
suggestion, together with the further speculation (if I understand him correctly) 
that nor-adrenaline and possibly histamine may be functionally involved at 
other varieties of synapses. In the present paper evidence is furnished for 
the conception that ACh stimulates and facilitates certain central synapses; 
this conception is compatible with the suggestion of Dale that natural ACh 
may play an important role at some types of synapses of the central nervous 
system. 
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